
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



'ti:AjucJT 2_)^,SS, 8'S5' 



IVISON di PIIINNETS PUBLIGATIONS. 



r 



AMERICAN EDUCATIONAL SERIES: 

A FULL COURSE OF PROGRESSIVE TEXT-BOOKS 

S FOB 

SCHOOLS, ACADEMIES, IHSTITOTES k COLLEGES, ; 

\ ON UNIFORM PRINCIPLES, 
< . AND WHOLLY BY PRACTICAL TEACHERS. 



Dlstingu 
' Theyhav* 
) have been 
• City of N< 
' fourths of 
, are in nse 
) at the rate 
\ Banders* > 
I Sanders* I 
> Sanders* ( 
I Sanders* > 
, Sanders' I 
Sanders* I 
' Sanderti* I 



This Sei 
' inductive 
and in the 
, Wisconsii: 
I College, sj 
' has thus 1 
I in com»no 

' the U:ii)n 
series, anli 



Harvard College 
Library 




By Exchange 



n to the young, 
eral States, and < 
3 Schools in the * 
onsin ; by three < 
.nd New Jfersey ; 
, and are selling \ 
owing : 
- - - - $1 00 
, - - - 1 00 ! 



►ictorial 



20 < 
800 \ 
1 00 I 



U5* 

tons union of the 
'aetical teachers, i 
ersey, Michigan, 
hcANi^Y, of Yale i 
instruction^ and 
aentary treatises ( 
a cla88-book for { 
is of teachers in ^ 
>pted a uniform ^ 
.J3g. The Series i 



I consists at present of the following: 

' TliomsTi's Ai-ithmoticiil Tables, - - - - 1?| 

, Thomson' !^ Mtjnt-il Aritlinv.-tio, - - - - 15 

' Tho:iiso:i's Arifhmcticil Anjilyrf^, - - - 25 

'Thomson's U'idi:u ints of Arithiiiotic, - - IS] 

Thomson's New rri'itical Arithmetic, - - 38 



Thomson's Key to Practical Arithmetic, - $ 33 
Thomson's Hiijhcr Arithmetic, - - - - 75 

Thomson's Key to the Higher Arithmetic, 60 
"Day's Trigonometry, -------100 

Thomson's Surveying. {Kearhj ready,') 



i 



"" -'Xy \y ^ y^ -''^.y^ y ^r ^ 



AMERIOAN JiDUCATIONAL SERIES. 



^HS 



PiHs0n'5 ^fl|ff«I f istarijs. 

Thtise are the only complete goaded system of Histories for Schools ever pulilislied. They have \ 

\ lieen recdred with universal commendation by Teachers. Discriminating and cordial testimonials ' 

' hare been ^ven by upwards of fifty Presidents and ProfosBors of Colleges ia different parts of ' 

the United States ; by over thbkb hvkdeed Principals of Acadeniios, Institutes, etc., and by a < 

majority of the School Commissioners of the State of New York. The best critical reviews and ' 

' Journals have also commended them. The Series embraces : 



I Willson' 8 Juvenile American History,- -$ 31 
> TTUlson's History of the United States, - 8S 
' Willson's American History, {School ed.), 1 50 
, "Willson's American History, {Library ed.)^ 2 00 



Willson's Outlines of Hiatory, (Uiiivci'i,ity 

Edition), - - $2 00 

WillBon' s Outlines of History, (5^c7woUrf.), 1 26 
Willson's Chart of American History^ - - « 00 



|iiS(rttHU'8 JfrtnclT Suits. 

These works combine the two rival systems, the obad (adopted by Ollendorff, Bobertson, and < 
Manesca), and the old 'classical or obammatical, and are constructed on Uie plan of ** Wood- ^ 
baxy*B Method with the German." The Reading Books are selected f^om the best Freneh anthors, ( 
carefully edited, with eopious notes and references, and neatly executed. The ** Coarse'* has < 
passed through forty editions, and been re-published in England. Teachers of the French Ian- I 
gnage approve them with great cordiality and unanimity. They are already the leading French < 
Tezfe-books in the New England States, New York, New Jersey, and the North-Westem States, * 
and are rapidly gaining ground. Tbe Series eonsists of : 

Fasquelle*s Esprit de la ConTersation Fran- 

faise, -$76) 

Fasquelle's Juvenile French Conrsa {In 

Preaa.) 
Howard's Aid to French Composition, * 1 00 
Talbot's French Pronunciati<xi, .... 75 



Fasquelle's French Course, • - - - - $1 26 

Fasquelle'B Key to the same, .... - 63 

Fasquelle's Colloquial French Reader, - 75 
Fasquelle's Tel6maque,- ...... 76 

Fasquelle's Napoleon. ByDuHAs,. . - 75 
Fasquelle'B Chefs-d'oeuvre de Racine, - . 75 



Constructed on the same plan as the above, and highly popular with the best German scholars ( 
and teachers. The Series embraces : ' 



New Method with the German, • 
Key to the Metiiod, . . - - . 

Shorter Course, 

Key to Shorter Course, - 



.$1 60 
60 

. 75 
60 



Elementary German Reader, --•..$ 75 ^ 
Eclectic Gerfnan Reader, ......100( 

German-English Reader, ...... 26 ' 

New Method for Germans, • • • . . 1 00 ! 



Elwell's German Dictionary. $1 50. / 

Professor Soiimidt, of Columbia College, says:— "The * Method* is truly admirable, and with S 
) willing learners can not fail to accomplish the most satisfactory resulte." Professor Tobbicelli, / 
' of Dartmouth College, says; — " Having for the past two years used it in the College and the Fe- ^ 
'*male Seminary in this place, I find that nothing better can be desired. No German teacher will ( 
, hesitate to adopt it in preferpnoe to all others." Rev. Dr. Nast, Editor of Der Christliche Apolo- J 
) geU^ Hon. R. Allyk, Conmnssioner of Rhode Island, President Allen, Girard College, and other S 
^ well-knowu teachers, have also commended the " Method,'' or other portions of the Seriesi 



f ci't-§fffflis in ©mil. 



' KuhnerV^llpTnentary Grammar, - 
) Xendrick's First IJook, - - * - - 

(Coniuiued on the inside of hack cover.) 



$1 25 I Kendrick's Introduction, 
'6\\ 



-$ €3 



as 




3 2044 097 016 802 






'"■WELLS'S 



NATURAL PHILOSOPHY; 



lOB TOB 



DSE OP SCHOOLS, ACADEMIES, MD PMYATE STUDENTS: 



TBE lATBST BESUI/TS OF SOIENTIFIO DXSOOVXBT AXD RT B CTAE O If ; 

iJUUKOSD Wias SPIOUii BSmSSOEXOMi TO THX PSMmOAIi 

AFFUOATION OF PHYSICAL 60IENCE TO THB ASIS ASD 

ZHB XZPBBIEKCES OF SYXBY-DAT UTS. 



WITH THREE HUNDRED AND SEVENTY-FIVE ENQRAVINQS. 



BY 

DAVID A. WELLS, A.M., 

A1RB0B or ** THS SOXUrOB OW OOKMOir THIXGS,'* XDXTOB OF «■ ^AXXVJAfm 
BGXZHTXFIO DZ800VEET,** "KNOWXJED6B Xft POWKi,** XTO. 

FIFTH EDITION. 



NEW YORK: 

IVISOS* & PHINNEY, 321 BROADWAY* 

OHIOAGO: d. a GBIGOQ ft CO^ 111 LASS ST. 

BUVFALO: PHIMNXrAOO. OZNOIlfNATi: KOOOBS, IHLSrAOH, SZYB A 00. 
FRZLAJDBLPHIA : 80WEB A BABNB8. DEIBOIT: KOBSB A SEU^BOK. 

rawBUfia : T. 8* qttagkknbuhh* aububn : sstvoxib a oo. 
1868. 



^ HAhVAttL tULLtbt LliJ«ARV 

BY EACriANti£ 

dAH 8 1937 



Entered, according to Act of Ck>ngre88, In the year 1867, b/ 

IVISON & PHINNEY, 

In tlie Clerk*« Office of the District Court for the Soatbem District of New York. 



HliVOTBOTTPlB BT PRIWTBD BT 

THOMAS B SMITH, J. B. BEDFORD & CO., 

82 & 84 Beekman-street, N. Y. 115 & UT Franklin-street 



PREFACE. 



The constant progress made in every department of 
physical science^ is a sufficient apology for the prepara- 
tion and publication of a new elementary text-book on 
Natural Philosophy. 

The principles of physical science are so intimately 
connected with the arts and occupations of eveiy-day 
life, with our very existence and continuance as sentient 
beings, that public opinion, at the present time, impera- 
tively demands that the course of instruction on this 
subject should be as full, thorough, and complete as 
opportunity and time will permit. With this view, the 
author has endeavored to render the work, in all its 
arrangements and details, eminently practical, and, at 
the same time, interesting to the student. The illustra- 
tions and examples have been multiplied to a greater 
extent than is usual in works of like character, and have 
been derived, in most cases, from familiar and common 
objects. 

Great care has been also taken to render the work com- 
plete and accurate, and in full accordance with the latest 
results of scientific discovery and research. 

In the arrangement of the subJQctfii tKl^te4 of, find in 
the incorporation of questions with the text, the most ap- 
proved methods, it is belieye4; have been followed. The 
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teacher will also observe that the principles and import-* 
ant propositions are presented in large and prominent 
type^ and the observations and illustrations in smaller 
letters. The advantage of this to the learner is self- 
evident. 

Heat, which is often considered as belonging more 
especially to chemistry, has been discussed at length, and 
the familiar application of its principles in the industrial 
arts, in warming and ventilation, in the production of 
dew, etc., carefully explained. A full and complete 
outline of the subject of Meteorology has also been 
given. On the other hand. Astronomy, which is often 
included in text-books on Natural Philosophy, has been 
omitted, as rightfully and properly forming the subject 
of a separate treatise. 

An elementary work on physical science can have little 
claim to originality, except in the arrangement and classi- 
fication of subjects, and the selection of illustrations. In 
this respect the author makes no pretensions, and ac- 
knowledges his indebtedness to the very superior French 
treatises of Ganot, Delaunay, Archambault, and to the 
writings of MiiUer, Amott, Lardner, Brewster, and others. 

The engravings in the present volume are of a superior 
character, and have been prepared, in part, from new and 
original designs. 

New York, Augost^ 1857. 
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NATURAL PHILOSOPHY. 



INTRODUCTION. 



-Wlmtii Nat. 
nral FbUoao- 



1. Natural Philosophy, or Physics, is that 
department of science which treats of all those 
phenomena observed in masses of matter, in 

■which there is a sensible change of place. 

2. Chemistry, on the contrary, treats of all 
^iirtJy? those phenomena observed to take place in 

minute particles, or portions of matter, in which 
there is a change in the character and composition of the 
matter itself, and not merely a change of place. 

3. A falling body, the motion of our limbs 
^**iM ^f toe ^^ ^^ machinery, the flow of liquids, the occur- 
&ataS^ h5- r^^ce of sound, the changes occasioned by the 
lorophyt action of heat, light, and electricity, are all ex- 
amples of phenomena which come under the 

consideration of Natural Philosophy. 

Strictly speaking, we have no right, in Natiiral Philosophy, to conceive or 
imagine any thing, for the truths of all its laws and principles may be proved 
by direct observation, — ^that is, by the use of our senses. When we conceive, 
reason, or imagine concerning the properties of matter, we have in reality 
passed beyond the limits of Natural Philosophy, and entered upon the applica- 
tion of the lawff of mind or of mathematics to the principles of Natural Philos- 
ophy. Practically, however, no such division of ttie subject is ever made. 

The truths and operations of Chemistry, in contradistinction to the trutlis 
and operations of Natural Philosophy, can not all be proved and made evident 
by direct observation. Thus, when we unite two pieces of machinery, as two 
wheels, or when we lift a weight with our hands, or move a heavy body by a 
lever, we are enabled to see exactly how the different substances come in 

1* 
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contact, how they preas upon one another, and how the power is tramnHtecl 
ftom one point to another: theae are experiments in Natural Philosophy, ia 
which every part of the operation is dear to our senses. But when we mix 
alcobc^ and water together, or bum a piece of coal in a fire, we see merely 
the result of theee processes, and our senses ^ve us no direct information of 
the manner in whidi one particle of alcohol acts upon another particle of 
water or how the oxygen of the air acts upon the coaL These are experi- 
ments m Chemistry, in whidi we can not peroeiTO every part of the operation 
bv means of our senses, but only the results. Had there been but one kind 
of sabstsmce or matter in the universe, the laws of Natural Philosophy would 
have explained all the phenomena or changes which could possibly take 
place ; and as the character, or compoffltion of tiiis one substance, could not bo 
changed by the ati&cm of any diflferent substance upon it, there could be no 
sudi department of knowledge as Chemistry. 

4. The term Physics is often used instead 
whattemeanft q{ i}^q term Natural Philosophy, both haying 
physicsf the same general meaning and signification. 

It is also customary to speak of " Physical 
Laws/' " Physical Phenomena," and " Physical Theories/' 
instead of saying the laws, phenomena, and theories of 
Natural Philosophy. 

5. A Physical Law is the constant relation 
^cIiLiws which exists between any phenomenon and its 
and Theories? ^^^ ^ PHYSICAL Theoby is au exposition 
of all the laws which relate to a particular class of 
phenomena. 

Thus, when we speak of the "theory" of heat, or of electricity, we have 
reference to a general consideration of the whole subject of heat, or light, or 
electricity; but when we use the expression a "law" of hea< of light, or of 
electricity, we have reference to a particular department of the whole subject. 



CHAPTER I. 

MATTER, AND ITS GENERAL PROPERTIBa 

1. Matter is the general name wliich has 
whaUfl^Mat- \yQQj^ givcn to that substance which, under an 
infinite variety of forms, affects our senses. 
We aj^ly the term matter to every thing that occupies 
space, or that has length, breadth, and thickness. 
HoTf do m 2* ^* ^ ^°^y through the agency of our five 
thSlSiBteT senses (hearing, seeing, smelling, tasting, and 
feeling), that we are enabled to know that any 
matter exists. A person deprived of all sensation, could 
not be conscious that he had any material existence. 
y,^^^ jg ^ 3. A BODY is any distinct portion of matter 

^*^y^ perceived by the senses. 
What are the ^* ^^^ propcrtics, or the qualities of matter, 
Setter?* **' ^'^ *^® powers belonging to it, which are capa- 
ble of exciting in our mind certain sensations. 

It is only through the different sensations which different substances ex- 
cite in our minds, or, in other words, it is bj means of their different 
properties, that we are enabled to distinguish one form or varietj of matter 
from another. 

The forms and combinations of matter seen in the animal, vegetable, and 
mineral kingdoms of nature, are numberless, yet thej are all composed of 
a very few simple substances or elements. 

whatinadm- ^' ^^ * simplc substauce we mean one 
pie substance r which has never been derived from, or sepa- 
rated into any other kind of matter. 

Gold, silver, iron, oxygen, and hydrogen, are examples of simple sub- 
stances or elements, because we are unable to decompose them, convert 
them into, or create them ftom, other bodies. 

What ifl the ^' ^^® number of the elements or simple 
SwStof *^* substances with which we are at present ac- 
quainted, is sixty-two. 
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7. These substances are not all equally 
^'^'uti*?^^ distributed over the surface of the earth : 

most of them are exceedingly rare, and only 
known to chemists. Some ten or twelve only make up 
the great bulk or mass of all the objects we see around 
us. 

All the different forms and varieties of matter are in some respects alike 
— ^that is, thej all possess certain general properties. Some of these prop- 
erties are essential to the yeiy existence of a body; others are non- 
essential, or a body may exist without them. Thus it is essential to the 
existence of a body that it should occupy a certain amount of space, and 
that no other body should occupy the same space at the same time ; but it is 
not necessary for its existence that it should possess color, hardness, elas- 
ticity, malleability, and the like non-essential propertiee. 

8. The following are the most important of 
2?rt'iS?ort! the general properties of matter — Magnitude 
"liStS?**' or Extension, Impenetrability, Divisibil- 
ity, Porosity, Inertia, Attraction, and In- 
destructibility. 

9. By Magnitude we mean the property 
^^itadef*^ of occupying space. We can not conceive that 

a portion of matter should exist so minute as 
to have no magnitude, or, in other words, to occupy no 
space. 

The SUBFACES of a body are the external limits of its magnitude ; the 
SIZE of a body is the quantity of space it occupies ; the area, of a body 
is its quantity, or extent of sur&ce. 

The FIGURE of a body is its form or shape, as expressed by its bound- 
aries or terminating extremities. The volume of a body is the quantity of 
space included within its external surfaces. The figure and volume of a 
body are entirely independent of each other. Bodies having very different 
figures may have the same volume, or bodies of the same figure may have 
very different volumes. Thus a globe may have ten times the volume 
of another globe and yet have the same figure, or a globe and a cylinder 
may have the same volume, that is, may contain the same amount of matter 
within then* sur&ces, but possess very different figures. 

10. By Impenetrability we mean that 
JSeteJwH^f property or quality of matter, which renders it 

impossible for two separate bodies to occupy 
the same space at the same time. 
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There are many instances of «ppexent penetration of matter, but in all of 
them the particles of the body which seem to be penetrated are merely 
displaced. When a nail is driven into a piece of wood, the particles of 
wood are not penetrated, but merely displaced. If a needle b^ plunged into 
a vessel of water, all the water which previously filled the space into which 
it entered, will be diq»laced, and the level of the water in the vessel will riso 
to the same height as it would have done, had we added a quantity of water 
equal in volume to the bulk of the needle. When we walk through the at- 
mosphere, we do not penetrate into any of the particles of which the air is 
composed, but we merely push them aside, or di^lace them. If we plunge 
an inverted tumbler into a vessel of water, the air contained in it will pre- 
vent the water from rising in the glasa-^and notwithstanding the amount of 
pressure we may exert upon the tumbler, it cannot be filled with water until 
the air is removed from it 

11. By Divisibility we mean that property 
■'^^(^^y*- which matter possesses of being divided, or 

separated into parts. 

It has until quite recently been taught that matter was infinitely divisible; 
that is, a body could be separated into smaller and stiai smaller particles 
without limit So &r as our senses inform us, this is true. So long as we 
can peioeive the existence of a portion of matter by our sense of sight, of 
feeling, of taste, or of smeU, so long we can continne to divide it Beyond 
this our senses give us no information. But the recent discoveries and inves- 
tigations in diemistiy, have proved beyond a doubt, that all bodies are ulti- 
mately composed of exceedingly minute particles, which can not be subdi- 
vided. 

12. To such an ultimate portion of matter 
whatjs^ B,n ^g jg HQ longer separable into parts, we apply 

the term Atom. 

The extent to which matter can be divided and yet perceived 
^M^* *** tte ^y *^® senses is most wonderftiL 

can be divid- A grain of musk has been kept finely exposed to the air of 
«*• a room, of which the door and windows were constantly kept 

open, for a period of two years, during all which time the air, 
though constantly changed, was densely impregnated with the odor of musk, 
and yet at the end of that tame the particle was found not to have greatly 
diminished m weight During all this period, every particle of the atmos- 
phere which produced &e sense of odor must have contained a certain quan- 
tity of musk. 

In the manufacture of silver-^t wire, used for embroidery, the amount of 
gold employed to cover a foot of wire does not exceed the 720,000th part of 
an ounce. The manu&cturers know this to be a fact, and regulate the price 
of their wire accordingly. But if the gold which covers one foot is tho 
'r20,000th part of an ounce, the gold on an inch of the same wire will bo only 
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the 8,640,000th part of an otince. We m«y diyide this inch into one hundred 
pieces, and yet see each piece distinctly without the aid of a microscope : in 
other words, we see the 864,000,000th part of an ounce. If we now use a 
microscope, magnifying five hundred times, we may clearly distinguish the 
432,000,000,000th part of an ounce of gold, each of which parts will be found 
to have all the characters and qualities which are found in the largest masses 
of gold. 

Some years since, a distinguished English chemist made a series of experi- 
ments to determine how small a quantity of matter could be rendered visible 
to the eye, and by selecting a peculiar chemical compound, small portions of 
which were easily discernible, ho came to the conclusion that he cotlld dis- 
tinctly see the billionth part of a grain. 

In order to form some conception of the extent of this subdivision of mat- 
ter, let us consider what a billion is. We may say a billion is a million of 
millions, and represent it thus, 1,000,000,000,000 ; but the mind is incapable 
of conceiving any such number. If a person were to count at the rate of 200 
in a mmute, and work without intermission twelve hours in a day, ho would 
take, to count a billion, 6,944,944 days, or more than 19,000 years. But this 
may be nothing to the division of matter. Ther3 are Uving creatures bo mi- 
nute, that a hundred millions of them may be comprehended in the space of 
a cubic inch. But these creatures, until they are lost to the sense of sight, 
aided by the most powerful instruments, are seen to possess arrangements 
fitted for collecting their food, and even capturing their prey. They are there- 
fore supplied with organs, and these organs must consist of parts correspond- 
ing to those in larger animals, which in turn must consist of atoms, or little 
particles, if we please so to term them. In reckoning the size of such atoms, 
we must not speak of billions, but of billions of billions. Such a number can 
be represented thus, 1,000,000,000,000,000,000,000,000, but the mind can 
form no rational conception of it.* 

13. We use the term Molecules, gr Par- 
SS!"rRirtt TiCLES of matter to designate very small quan- 
cies of Matter? ^j^j^g ^f ^^ substaDce, not meaning, however, the 
ultimate atoms. A molecule, or particle of matter may 
he supposed to be formed of several atoms united to- 
gether. 

14. No two atoms of matter are supposed to 
"* **'** touch, or be in actual contact with each other, 

and the openings or spaces which exist between them are 

called Pores, This property of bodies, according to which 

their atoms are thus separated by vacant places^ 

WhaU^Poros. ^^ ^^^ PoROSITY. 

* The billion is here used according to the English notation.— Fiow Webster. 
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What is the 
evidence of 

the existence 
of Pores in 
aU matter i 



FiOt. 1. If we suppose the atoms of matter to consist o!^ 

minute spheres or globes, it is obvious that it will be 
impossible for them to come into perfect contact at 
all points: so that there must be small spaces be- 
tween them, where they do not touch each other. 
Fig. 1 represents the manner in which we may im- 
agine a collection of such atoms to be arranged to 
form a cmtal. 

15. The reasons for believing that tho 
atoms or particles of matter do not ac- 
tually touch each other, are, that every 
form of matter, so far as we are ac- 
quainted with it, can by pressure be 
made to occupy a smaller space than it origin- 
ally filled. Therefore, as no two particles of 
matter can occupy the same space at the same 
time, the space, by which the size or volume of 
a body may be diminished by pressure, must, before such 
diminution took place, have been filled with openings, or 
pores. Again, all bodies expand or contract under the 
influence of heat and cold. Now, if the atoms were in ab- 
solute contact with each other, no such movements could 
take place. 

The porosity of bodies is sometimes illustrated and explained 
by reference to a sponge, which allows the cavities which per- 
vade it to be filled with water, or some other fluid. 8uch an 
iliustratloQ is not strictly correct. The cavities of a sponge are 
not really its pores, any more than the cells of a honey-comb 
are the pores of wax. In common speech, however, the term pore is often 
used to designate those openings which exist natursklly in the substance of a 
body, which are sufficiently large to admit of the passage of fluids like water, 
and gases like air. 

Several very important properties of matter are dependent on porosity; or, 
in other words, they owe their existence to the fact, that the particles of mat- 
ter do not actually touch each other. The principal of these are DBHsrrY, 
CoirpRESSiBiLiTY, and Expansibilitt. These properties of matter belong to 
all bodies, but not to aU alike. 

16. By Density we mean the proportion 

whatisDeni,- ^yAgYx exists bctweeu the quantity of matter 

contained in a body and its magnitude, or size. 

Thus, if of two substances, one contains twice as much 



What is gen- 
erally raoant 
by the term 
Porea? 
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matter in a given space as the other, it is said to be twice 
as dense. 

There is a direct oomxection between the density of a body and its porosity. 
A body will be more or leas dense, according as its partides are arranged 
closely together, or are separated from each other; and hence it is dear, that 
the greater the density the less the porosity, and the greater the porosity the 
less the density. 

1*7. If the particles of a body do not touch each other, then, if it is sabjected 
to pressure, they may be forced nearer, and made to occupy less space. 

This we find to be the fact AH matter may be compressed. The most 
solid stone, when loaded with a considerable weight, is found to be com- 
pressed. The foundati<His of buildings, and the columns which sustain great 
weights in architecture, are proo& of tJiis. Metals, by pressure and hammer- 
ing, are made more compact and dense. Air, and all gase% are susceptible of 
great compression. Water, and all liquids, are much less easily compressed 
than either solid or gaseous bodies. 

18. By Compressibility, therefore, we mean 
K^sriwu?:^" that property of matter in virtue of which a 

hody allows its volume or size to be diminished, 
without diminishing the number of the atoms or particles 
of which it is composed. 

19. Again, if the particles of matter of which 
^SbmtyT ^ ^odj is composed do not touch each other, it is 

clear that they may be forced further apart. 
This we find to be the case with all matter. ExpansibiUty 
is, therefore, that property of matter in virtue of which a 
body allows its volume or size to be increased, without in- 
creasing the number of the atoms or particles of which it 
is composed. 

All bodies, when submitted to the action. of heat, expand, and 
TiiustrationB occupy a larger space than before. To this increase in dimen- 
bility?"^" ^oiis *liOTe is no limit. Water, when sufficiently heated, passTS 
into steam, and the hotter the steam the greater the space it 
will occupy. All bodies, if subjected to a suffident degree of heat, will pa 3 
from the state of solids or liquids, into the state of vapor, or gases. 

20. Inertia signifies the total absence in a 
^^tuT^''' body of all power to change its state. If a 

body is at rest, it can not of itself commence 
moving ; and if a body be in motion, it can not of it- 
self stop, or come to rest. The motion, or cessation of 
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motion in a body, requires a power to exist independent 
of itself. 

It is obTiou% £nozn the definition given, that when a bodj is once put in 
motion, its inertia will cause it to continue to move until its movement is de- 
stroyed, or stopped, by some other force. 

A ball fired from a cannon would move on forever, were it not for tho re- 
sistance or fiiction of the air, and the attraction of Uie earth. 

21. By Friction, we mean the resistance 
^^onf""^ which a moving body meets with from the 

surface on which it moves. 

A marble rolled upon a carpet will move but a short distance, on account 
of the roughness and imevenness of the surfece. Its motion would be con- 
tinued much longer on a flat pavement and longer still on fine, smooth ice. 
If firiction, the attraction of the earth, and the resistance of the air, were en- 
tirely removed, the marble would move on forever. 

Owing to the property of mertia^ or the indifference of mat- 
wiiatar»Bac- ter to change its state, we find it difficult, in running, to stop 
JJ^y^ ^ ' all at once. The body tends to go on, even after we have ex- 
erted the force of our muscles to stop. We take advantage of 
this property, by running a short distance when we wish to leap over a ditch 
or chaam, in order that the tendency to move on, which we acquire by run- 
ning, may help us in the jump. Por the same reason, a runnmg-leap is al- 
ways longer than a standing one. 

Many of the most firightful railroad accidents which have happened, are due 
to the laws of inertia. The locomotive, moving rapidly, is suddenly checked 
by an obstruction, collision, or breakage of machineiy j but the traui of cars, 
in virtue of the velocity previously acquired, continue to move, and in conse- 
quence are driven into, or piled upon each other. 

Tor the same reasons the wheel of an engine continues to pursue its course 
for a time after the driving force has stopped. This property is taken advan- 
tage of to regulate the motions of machinery. A large, heavy wheel is used 
in connection with the machinery, called a flt-whekl. This heavy wheel, 
when once set in motion, revolves with great force, and its inertia causes it 
to move after the force which has been imparted to it has ceased to act. A 
water-wheel or a steam-engine rarely moves perfectly imifoimly, but as it is 
not easy, on the instant, either to dieck or increase the movement of tho 
heavy whee^ its motion is steady, and causes the machinery to which it 13 
attached to work smoothly and without jerking, even if the action of the 6h\ - 
ing force be less at one moment than at another. 

22. Attbaotion is that tendency which all 
^ction^*" ^^^ particles of matter in the universe have to 

approach to each other.* 

• As Attraction, in its rarioas forms and relations to matter, is lo eomproliensbw and 
hnportant, it is treated separately in adyanoe. 
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The force which holds the particles of a stone, a piece of 
"What are Ex- wood, or metal together, the falling of a body to the earth, the 
tSotfon*? ^^ tendency which a piece of iron or steel has to adhere to a mag- 
net, are all familiar examples of the different forms of attraction. 

23. All the researches and investigations of 
destJSctibiJT modern science teach us, that it is impossi- 
ble for any finite agent to either create or de- 
stroy a single particle of matter. The power to create 
and destroy matter belongs to the Deity alone. The 
quantity of matter which exists, in and upon the earth has 
never been diminished by the annihilation of a single 
atom. 

When a body is consumed by fire, there is no destniction of matter : it 
has only changed its form and position. When an animal or vegetable dies 
and decays, the original form vanishes, but the particles of matter, of which it 
was once composed, ha\re merely passed off to form new bodies and enter into 
new combinations. 



PRACTICAL QUESTIONS ON *HE PROPERTIES OP MATTER. 

1. Why will water, or any other Uqnid, when poured into a tunnel cl<wely inserted into 
the mouth of a bottle, run oyer the sides of the bottle 1 

Because the bottle is filled with air, which, havmg no means of escape, 
prevents the water from entering, since no two bodies can occupy the same 
space at the same time. J£, however, the tunnel be lifted from the bottle a 
httle, so as to afibrd the air an opportunity to escai^ the water will then 
flow into the bottle in an uninterrupted stream. 

2. Are the pores of a body entirely empty, Tacant spaces? 

The pores of a body are often filled with another substance of a dififerent 
nature. Thus, if the pores of a body be greater than the atoms of air, such a 
body being surrounded by the atmosphere, the air will enter and fill its pores. 

3. When a sponge is placed in water, that liquid appears to p^etrate it Does the water 
really enter the solid partidea of the qpcmge? 

It does not; it only enters the pores, or vacant spaces between the par- 
ticles. "^ 

4. When we plunge the hand into a mass of sand, do we pbnxtbatb the sand ? 
We do not ; we only displace the particles. 

5. Why do bubbles bibx to the surface when a piece of sugar, wood, or chalk is plunged 
under water ? 

Because the air previously existing in the pores becomes displaced by the 
water, and rises to the surface as bubbles. ,. 

6. What occasions the bxafpxkq of wood or coal when laid upon the fire ? 
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Because the air or liquid coQtaiiied in the pores becomes expanded by heat, 
and bursts the covering in which it is confined. 

7. Why does ltoht, foboub wood, like chestunt or pine, make more snapping in burn- 
ing than any oihxb kind ? 

Because the pores are very large^ and contain more air than wood of a closer 
grairiy like oak, etc. 

8. How is -water, or any other liquid, made fuzb by filtering fhroogh paper, doth, a 
liycr of sand, rock, etc ? 

The process of filtration depends on the presence of pores in the substance 
used as a filter, of such magmtude as to allow the particles of liquid to pass 
frceljr, but not the particles of the matter contained in it, which wo wish to 
separate. 

9. Why is not the substanoe suitable for the filtration of otens liquid equally adapted for 
the filtration ef alx. liquids 7 

Because the magnitude of the pores in different substances and of the im- 
purities in liquids is different ; and no substance can be separated fix)m a 
liquid by filtration, except one whose particles are laiiger than those of the 
liquid. 

10. Gold and lead are metals of great density; their pores are not visible. Is tliere any 
raooF of their existence beside the faet that they can be compressed f 

Water can be forced mechanically thjrough a plate of lead or gold without 
rupturing any portion of the metal Mercury, or quicksilyer, confined in a 
dish of lead or gold, will soak through the pores, and escape at the bottom. 

An interesting experiment was tried at Florence, Italy, nearly two centu- 
ries ago, which furnished a alriking illustration of the porosity of so dense a 
substance as gold. A hollow ball of this metal was filled with water, and the 
aperture exactly and firmly closed. The globe was then submitted to a very 
severe pressure, by which its figure was shghtly changed. Now, it is proved 
in geometry, that a globe has this peculiar property — ^tbat any change what- 
ever in its figure neotesarily diminishes its volume, or capacity. The result 
was, that the water oozed through the pores, and covered the sur&oe of the 
globe, presenting the appearance of dew, or steam cooled by the metal This 
experiment also proved that the pores of the gold are larger than the element- 
ary particles of water, since the latter are capable of passing through them. 

U. When a cabsxaob Is in motion, drawn by bobos, irhy is the same exertion of pover 
in the horses required to stop it, as would be necessary to back n, if It were at rest? 

Because, according to the laws of inertia, the force required to destroy mo- 
tion in one direction is equal to that required to produce as muchmoium in the 
opposite direction, 

12. If a carriage, railroad-ear, or boat, moying with speed, be suddenly ntOFPSo or xe- 
TABDEP, from any cause, why are the passengers, or the baggage carried, precipitated 
from their places In the dqeection or ths ucmov ? 

Because, by reason of their inertia^ they persevere in the motion which they 
shared in common with the body that transported them, and are not deprived 
of that motion by the same cause. 
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t3L Wliy vfil AnsMir, leaping flmn a eanlago ia npld uotioxit fidlla tiie dbeelSiOD ia 

which the carriage is moytng at the mohxnt his feet meet the groood f 

Because his entire J)odyj on quitting the vehicle and descending to the 
ground, retains^ by its meriia, the progreesiye motion which it has in oommoa 
with it. When Ids feet reach the ground, they, and they alonei will be sud- 
denly deprived of this progressive motion, by tiie resistance of the earth, but 
the remamder of his body will retain it^ and he will &11 as if he were tripped. 

14. Why is a man standing carelessly In the btxbn of a boat liable to £aU Into the water 
behind, when the boat begins to more ? 

Because his>^ are pulled forward while the inertia of his hody keeps it in 
the same position, and, therefore, behind its support. Tor a similar reason, 
when the boat stops, the man is liable to &11 forward. 

15. When the sails of a ship are first spread to receiye the foboi or xmfdlse of the wind, 
why does not the vessel acquire her ftill speed at once ? 

Because it requires a little time for the impeUing force ta overcome the inr 
ertia of the mass of the ship^ or its disposition to remain at rest 

16. Why, when the saOa are taken in, does the vessel oontilnae to move lor a eonaiderabla 
time? 

Because the inertia of (ke mass is opposed to a change of state, and the ves- 
sel win continue to move until the resstance of the water overcomes the op- 
position. 

17. Why do we kxqk against the door-post to bhakx the snow or dnst from onr shokb? 
The forward motion of the foot is arrested by the impact against the post ; 

but this is not the case with respect to the particles of dust or snow which 
are not attached to the foot, and are free to move. According to the laws 
of inertiay they tend to persevere in the direction of the original motion, and 
when the foot stops, they move on, or fly off. 

18. Why do we beat a coat or carpet to xzfxl the dnst! 

The eaaae which arrests the motion imparted to the ooat or carpet by the 
blow does notanrert tho partkto of dust^ and their motioa bemg continued, 
they fly oft 



CHAPTER II. 

POROB. 

23. Matter is constantly changing its form 
Bu^uyeb^' and place. The most solid substance will in 
^^ ' time wear away. The air about ub is never per- 

fectly still. We see water sometimes as ice, sometimes as 
a liquid, sometimes as a vapor, in steam or clouds. The 
earth moves sixty-eight thousand miles every hour. An 
animal or vegetable dies, decays, and* its form vanishes 
from our sight. 

To what esiiBa ^ ^ *^® causc of all the changes observed 
fteS*^^S£ *^ ^^'^ place in the material world, we admit 
■erred in mat- the existcnco of ccrtaiu forces, or agents, which 

govern and control all matter. 
What is 25. Force is whatever produces, or opposes 

^""^^ motion in matter. 

wbat u Ho. 26. Mobility, or the susceptibility of mo- 
^^' tion, is that property whereby a body admits 
of change of place. 

What an the ^7, All the great forces, or agents in nature, 
£Si^T*"*" those which produce, or are the cause of all the 
changes which take place in matter, may be 
enumerated as follows : Internal, or Molecular Forces, 
the Attraction of Gravitation, Heat, Light, the At- 
tractive and Bepulsive Forces of Magnetism and Elec- 
tricity, and, finally, a force or power which only exists 
in living animals and plants, which is called. Vital Force, 

Conoeming the real xiatare of these foroes, we are entirely 
knoJr ^f* th* fe^^""^*' ^® suppose, OT Say, they exist, because we see 
nature of t^eir effects upon matter. In tiie present state of sdenoe, it is 

these forces? impossible to know whether they are merely propertiea of 
matter, or whether they are forms of matter itself existing in an 
exceedingly minute, subtfle condition, without weight, and diffused through- 
out the whole universe. The general opinion, however, among scientific men. 
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at the present daj, is, that these forces, or agents^ are not matter, but prop- 
erties, or qualities, of matter. 

We see a stone &I1 to the ground, and say that the cause of it is the at- 
traction of gravitation; — ^we observe an object at a distance, ^and say that wo 
see it through tiie action of light on the eye ; — ^we notice a tree shattered by 
lightning, and say it is the effect of electricity ; — we observe an animal or 
plant to grow and flourish, and ascribe this to the action of the vital force. 
But if it is asked, What is the original cause of gravitation, lights electricity, 
and vital force? — ^the wisest man can give no satisfiictory answer. If the 
Creator governs matter through the agency of instruments, these forces may 
be called his agents, or his instruments. 



CHAPTER III. 

INTERNAL, OR MOLECULAR FORCES. 
What is an ^8. An INTERNAL, Or MOLECULAR FORCB, is 

M^Sir**' one that acts upon the particles of matter only 
Force? ^^ insensible distances. This variety of force 

diflFers from all others in this respect. 
What is At- 29. The various changes which matter un- 
SjS^rionT'^ dergoes, render it certain that the atoms, or 
particles of all bodies are acted upon by two 
distinct and ©pposite forces, one of which tends to draw 
the atoms, or particles, close together, while the other 
tends to separate them from one another. The first of 
these forces we call Attraction, the second Bepulsion, 
both acting at insensible distances. 

Give an ex- "^ blade of Steel, or a thin piece of wood, when bent within 

ample of At- a cert^ limit, will, when the restraint is removed, restore it- 

witSg^t a ^^^ ^^ original form. This takes place through the agency 

insensible dia- of an internal force, attracting the partides togetiier, and tend- 

^^^ ing to keep them in their original place. 

whatisEiaa- 30. ELASTICITY is that property of matter 
^^^^^ which disposes it to resume its original form 
and shape, after having been bent or compressed by some 
external force. 

Elasticity, therefore, is not so much a distinct property of matter, as is 
usually stated, as it is a phenomenon of attractiyo and repulsive forces. 
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Bo aU bodies -^ bodies possess the property <^ elastidfyt bat in very 
elaa- different degrees. There are some in which the atoms, after 

bending, or displacement^ ahooost perfectly resume their former 
position* Such bodies are especially termed elastic, as tempered steel, India- 
rubber, ivory, eta Other bodies, like glass, lead, etc., are elastic m a limited 
degree, not being able to bear any great displacement of their atoms without 
breaking, or permanent disarrangement. Putty, moist day, and similar bodies, 
possess a yery slight degree of elasticity. 

31. If we compress a certain quantity of gas, as common 
Giro an «- ^^^ g^^ ^en allow it to dilate, by removing all restraint, it 
pn^on acting Will expand without lunit, and fill evexy really empty space 
bie^Sat^^" whidi is open to it This takes place through the agenpy of 

an internal force which tends to drive the parades from one 
another. There are many reasons which lead us to suppose that the repuls- 
ive force whidi tends to keep the partides of matter asunder is the agent 
known as heat Gases may be consdered as perfectly elastic. 

82. According as the attractive or repulsive 
for^ or con- forccs prcvail, all bodies wiQ assume one of 
aiiS!tter*M:- thieo forms or conditions — the solid, the 
^' LIQUID, or the ^bifobm,* or gaseous con- 

dition. 

What is a 83. A SOLID body is one in which the par- 

®°"^' tides of matter are attracted so strongly to- 

gether, that the body maintains its form, or figure, under 
all ordinary circumstances. 

What is a 34 A LIQUID body is one in which the par- 

"^°^' tides of matter are so feebly attracted together, 
that they move upon each another with the greatest 
facility. 

Hence a liquid can never be made to assume any particular form, except 
that of the vessd in which it is indosed. 

35. An TRIFORM, or gaseous body is one 
GasSous * in which the particles of matter are not held 
^^^' together by any force of attraction, but have a 

tendency to separate and move off from one another. 

A gaaeous body is generally invisible, and, like the air sur- 
JJ^p^ertSSl rounding us, affords to the sense of touch no evidence of ite 
GaacooB existence when in a state of complete repose. Gaseous bodies 

^^^' may be confined in vessels, from whence they exdude Hquids, 

• JEriform, having the form, or reaemhlanee, of air. 
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Under wh*t 
circumstances 
will a bodv as- 
sume the form 
of a Solid, a 
Liquid, or a 
Gasr 



or Other bodies, thus demoQstrating their ^xistenoe^ tboagh inTiabl^ aiod also 
their iinpeiietrabitit7. 

36. Most sabetances can be made to assume 
snccessively the form of a solid, a liqtdd, or a 
gas. In solids, the attractive force is the 
strongest ; the particles keep their places, and 
the solid retains its form. But if we heat the 
solid to a sufficient degree, as, for example, a piece of iron, 
Ave gradually destroy the attractive force, and the repul- 
sive force increases ; the particles become movable, and we 
say the body melts, or becomes a liquid. In liquids, the 
attractive and repulsive forces are nearly balanced, but if 
we supply an additional quantity of heat, we destroy the 
attractive force altogether, and the liquid changes to a 
gas, in which the repulsive force prevails, and the particles 
tend to fly oflf from each other. By the withdrawal of 
heat {i. e., by the application of cold), we can diminish, or 
destroy the repulsive force, and allow the attractive force 
to again predominate. 

Thus steam, when cooled, becomeB a 
Ro. 2. liquid, water; and Ihis in turn, by the 

withdrBval of an additional amoont of 
heat, becomes a solid, ioeu 

The power of the repulsive force is strik. 
ingly illustrated bj the conversion of water 
into 8team« In a cubic inch of water con- 
verted into steam, the particles will repel 
each other to such an extent, that the space 
occupied hy the steam will be lYOO times 
greater than that occupied hy the water. 
Fig. 2 illustrates the comparative difference 
between the bulk of steam and the bulk of 
water. 

87. The term Fluid is applied to those 
bodies whose particles move easily among 
themselves. It is used to designate either liquids or 
gases. 

What are the 38. Wc distiuguish FOUR Iduds of molecular 
Mofe^ufal-'At attraction, or attraction acting upon the par- 
tracuon? ^icles of bodics at insensible distances. These 
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are, Cohesion, Adhbsiok, Oapillabt Attbactiok, and 
Affinity. 

wna !• Co. ^^- Cohesion, or Cohesive Attbaction, ig 
hesiTeAttrae. that force which binds together atoms of the 
same kind to form one uniform mass. 

The force which holds together the atoma of a maaa of iron, wood, or stoDo^ 
is cohesion, and the atoms are said to cohere to each other. 

What iM Ad- 40. Adhesion is that form of attraction 
*****'' which exists between unlike atoms, or particles 
of matter, when in contact with each other. 

Dust floatbig in the air sticks to the wall or ceiling, through the foroe of 
adhesioD. When we write on a wall with a piece of dialk, or rf^«>TOWi1, the 
i off fiom the material, stick to the wall and leave a mark, 
) force of adhesion. Two pieces of wood may be fietened together 
I of glue, in consequence of the adhedve attraction between the par- 
fthe wood and the partides of glae. 

41. Capillart Attraction is that form of 

Ca* 

attraction which exists between a liquid and 
the interior of a solid, which is tubular, or 

one end of a sponge, or a lump of sugar is brought into contact with 
liquid, by ci^iUaiy attraction, will rise, or soak up above its leyel, 
interior of the sponge, or sugar, untU all its pores are filled.* 

to Af. 42. Affinity is that form of attraction which 
^*^' unites atoms of unlike substances into com- 
ds possessing new and distinct properties. 

for example, unites with iron, and Ibrms iron-rust^ a substance 
it from either oxygen or iron. The consideration of the attraetion of 
belongs wholly to Chemistry. 

the 43. The force, or strength of Cohesive At- 
BiJTAtSS?' traction varies greatly in different substances, 
aonvary? accordiug as the nature, form, and arrange- 
ment of the atoms of which they are composed vary. 

44. These modifications of the force of At- 

ties^ofbodies traction, actiug at insensible distances between 

vuSiioTot the atoms of different substances, give rise to 

** ^ certain important properties in bodies, which 

are designated imder the names of JjALJfEABiLiTY, Duc- 

• Capfflary Attnustton ii treated of mora faUy under the depi^rtment of HydrwUttd 
and HydrauUea. 

2 
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TiLiTT, Pliability, Flexibility, Tenacity, 1B,asj>svss, 
and Bbittleness. 

These are not^ «i is often taugh^ dtstiiict^ independent properties of matter, 
like magnitude, porosity, inertia^ etc., but modifications of the force of attmetioD. 

What is Hal. 45. MALLEABILITY is that property in virtue 
leabuityr ^£ which a substance can be reduced to the 
form of thin leaves, or plates, by hammering, or by means 
of the intense pressure of rollers. 

In malleable bodies, the atoms seem to cohere equally in whatever relative 
situations they happen to be, and therefore readily yield to force, and chango 
their positions without fracture, almost like the atoms of a Add. 

The property of malleability is possessed in the most emment 

i!S»te«"of **" ^^8**® ^y *^® metals ; goW, silver, iron, and copper being the 

HaUeaUl^yf most malleable. Gold may be hammered to such a degree of 

thinness, aa to require 360,000 leaves to equal an inch in 



whatisDao- 46. DucTiLiTY is that property in virtue 
**"^' of which a substance admits of being drawn 
into wire. 

We might suppose that ductility and malleability would belong to the same 
substances, and to the same degree, but they do not Tin and lead are 
highly malleable, and are capable of b^g reduced to extremely thin leaves, 
but they are not ductile, since they can not be drawn into jQoie wire. Some 
substanoes are both ductile and malleable in the highest degree. Gold has 
been drawn into wire so fine, that an ounce of it would extend fifty mile& 

What ar« 47. FLEXIBILITY and Pliability are those 

2d^S- properties which permit considerable motion 
**y' of the particles of a body on each other, with- 

out breaking. 

What is Te- 48. TENACITY is that property in virtue of 
™^'^' which a body resists separation of its parts, by 
extension in the direction of its length. 
What is 49. Hardness is a property in virtue of 

Hardnen? which tho particlcs of a body resist impression, 
separation, or the action of any force which tends to change 
their form, or arrangement. 

When is a 50. A body, whose particles can be removed, 

**'^^®'* ' and changed in position, by a slight degree of 
force, is said to be soft. Softness is, therefore, the oppo- 
site of hardness. 
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ne property of HudnesB Is ^to distiBee ftom DensHy. Gold and lead 
possess great density, yet tiiey are amcng the softest of metals. 

whatiB Brit- 61. BKiTTLENBSg is E property in virtue of 
*"*'^' wliich bodies are easily broken into fragments. 
It is a characteristic of moat hard substances. 

In a brittle bodj, the attractiYe force between the atoms exists within each 
narrow limits, that a very slight cbange of pofidtian, or increase of diatance 
among them, is sufficient to overcome it, and the body breaks. 

62. The modiacations of the ibiOB of cohesive attraction between the par- 
ticles oi matter, which give rise to the propertiea of maHeability, ductility, 
flexibility, pUabOityi hardness^ and britUeness, seem to be intimately con- 
nected with, or depend upon the particular form of the atoms of the sub- 
stance^ and the particular manner in which they are arranged. 

Eveiy one knows that it is easier to split wood lengthwise than across the 
fibers; henoe^ the foioe vduch binds the particles of the wood together is ex- 
erted in a less degree in one direction than in the other. 
Explain hnr ^7 <il>A>^>inff ^^ ^f^ OF arrangement of the atoms of a 
^fMTce of substance^ we can in many instances apparently renew or de- 
pends on oIb stroy the various modifications of the attractive Ibroe. The 
*ftt«^£SJL ^Uowing is a fiuniliar illustration of this priadi^ ' 

Steel, when heated and suddenly eooled, is rendered not 
only reiy hard, but veiy brittle; but if heated and eooled graduaOy, it be- 
oemos soft and fiexibla We may suj^xMie that when the atoms of steel are 
expanded*— ibiced i^Mfft from each other by the action of heat, and then sud- 
denly caused to oontniet— 4breed in upon each other— 4)y coolingv that no op- 
portunity is afforded them for arrangement in a natural manner. But when 
the steel is cooled slowly, each atom has an opportonitj to take the place beet 
adapted for it^ without interfering with its neighbor. Aco(»:dlng to one ar- 
rangement of the atoms, the steel is brittle, or the atoms will not admit of 
any motion among themselves without breaking; but according to a different 
arrangement, the attractive foroe is modified, and the steel is soft and flexible. 
In a similar manner, bricks stacked up irregularly, may be made to &I1 
easily, but if piled in a regular manner, they retain their stabilify. 

It is a very angular circumstance, that the same operation of heating and cool- 
ing suddenly, which hardens steel, should soften copper. A piece of steel which 
lias been hardened in thia way is not condensed — ^made smaller — as we might 
have supposed it would be^ but isactuaUy expanded, or made larger. This proves 
that the arrangement of tiie atoms, or parttdes; has been changed. Any one 
may satisfy himself of this by taking a piece of steel, fitting it exactly into a 
guage, or between two fixed points, and then hardenmg it It will then be 
found that the steel wiU not go into the gnage, or between the fixed points. 

What is An- 63. The process of rendering metals, gloss, 
'***^^' etc., soft and flexible by heating and gradually 
cooling, is called Annealing, and is of great importance 
in the arts. 
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For example, the workman, in fiMduoning and 8ha{»x^^ a steel instnunent, 
requires it to be soft and flexible ; but in using it after it has been constructed, 
as for the cutting of stone, wood, etc^ it is necessary that it should be hard. 
This is accomplished by making the steel soft by annealing, and then render- 
ing it hard by heating and cooling quickly.* 

When win a 54. WhcD We bend or compress a body so 
TOmpriSSd," t^*"-* i*s particles are separated beyond a certain 
break t limited distance, the force of cohesive attrac- 

tion existing between them ceases to act, or is destroyed, 
and the body falls apart, or breaks. 

55. When the Attraction of Cohesion between 

Can vo re- . • i /• -i 

tiiSionSf ^ particles of a substance is once destroyed, 

h^on when it IS generally impossible to restore it. Hav- 
ing once reduced a mass of wood or stone to 
powder, we can not make the minute particles cohero 
again by pushing them into their former position. 

In some instances, however, this can be accomplished by resorting to va- 
rious expedients. The particles of the metals may be made to again cohere 
by melting. Two pieces of perfectly smooth plate-glass, or marble, laid upon 
each other, unite together with such force, that it is impossible to separato 
them without breakage. In the manufacture of looking-glass plates, this at- 
traction between two smooth sur&ces is particularly guarded against 

* There are many practical illuitrationi in the arts, of tbe prindple, that the modifica- 
tions of the attracttre force which unitei the atomi of solid bodies together, are dependent 
in a great degree upon the forms, or arrangement of the atoms theoiselyes. If \re submit 
a piece of metal to repeated hammering, or Jarring, the atoms, or particles of which it is 
composed, seem to take on a new arrangement, and the metal gradually loses all its te- 
nacity, flexibility, malleability, and ductility, and becomes brittle. The coppersmith who 
forms vessels of brass and copper by the hammer alone, can work on them only for a short 
time before they require annealing ; otherwise they would crack and fly into pieces. 

For this reason, also, a cannon can only be fired a certain number of times before it 
will burst, and a cannon which has been long in use, although apparently sound, is always 
condemned and broken up. 

A mo^e important illustration, and one that more closely aflRsets our Interests, is the 
liability of railroad car-axles and wheels to break from the same eause. A. caT'axlc, after 
a long lapse of time and use, is almost certain to break. 

That these phenomena are due to changes in the manner of the arrangement and the 
form of the particles, or atoms, of matter, was eonelusiTcly proved by an experiment made 
a few years since in France :-^An accident having occurred upon a railroad, by the break- 
ing of an axle, by which many lives were lost, the attention of scientific men was called 
to the fact, that the iron composing the axle, when first used, was strong, and capable of 
standing a test, but after use in locomotion for a certain period, could bo broken by a 
foree far Inferior to that by which it had formerly been tested. Many suppositions were 
made to account for this phenomenon, when finally a person took a series of rods about tbo 
eize of pipe-stems, all strong and tough, and, with great patience, allowed them to full 
for hours and hours npon an anvil, thus producing rapid strokes and vibrations. After 
subjecting them for a long time to this treatment, he found that the rods could be snap- 
ped and broken into fragments Almost as easily as rotten wood. 
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wTiat in 56. Iron may be made to cohere to iron by 

wddii^r heating the metal to a high degree, and ham- 
laering the two pieces together. The particles are thus 
driven into such intimate contact, that they cohere and 
form one uniform mcuss. This property is called Weld- 
ing, and only belongs to two metals, iron and platinum. 

PRACTICAL QUESTIONS ON THE INTEBNAL, OB MOLECULAB 

FORCES. 

1. In vliat reipeet doe* a gas i>iFnE& tnm a VixpAA f 

A liquid, like water, milk, sjrap, etc., can be made to flow reg^ularly denm 
a slope, or an inclined plane, but a gas can not 

2. Whj is a bar of XBOir stronger than a bar of wood of tho same sice i 

Because the cohesion existing between the particles of iron is greater than 
that existing between the particles of wood. 

3. Why are tho particles of a UQtrro more easily separated than those of a bolxb 7 
Because the cohesiye attraction which binds together the particles of a liquid 

is much less strong than that which binds together the particles of a solid. 

4. Why irin a small needle, earefUly laid upon the sorfaee of water, float 7 
Because its weight is not sufficient to overcome the cohesion of the particles 

of water constituting the sur^Kse ; consequently, it can not pass through them 
and sink. 

5. If yon drop water and landannm from the same Tessel, why will bzxtt drops of the 
water fiU tho same measure as cm hukdbkd drops of landanum f 

The cohesion between the particles of the two liquids is different^ being 
greatest in the water. Consequently, the number of particles which wOl ad- 
liere together to constitute a drop of water, is greater than in the drop of 
idanum. 

is the prescHptioa of medletne by imors an unsafe method ? 
ioae, not only do.drops of fluid from the same yessel, and often of the 
from different vessels, differ in size, but also drops of the same fluid, 
extent of a third, from different parts of the lip of the same vessel 
ty are oemeats and mortars used to fiksten bricks and stone together t 

the adhesive attraction between the particles of brick and stone 
particles of mortar, is so strong, that they unite to fonn one solid 

may the eiBeaey of a looomotlTe engine be ssid to depend upon the foree of 

were no adhesion, or even insufficient adhesion, between the tire 
ig-whecl of the locomotive, and the rails upon which it presses, 
would turn without advancmg. 
actually happens when the rails are greasy, or covered with frost and 
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ice. The oontact is thus intemqpted, and tiie adbesum between the rail and 
wheel is impaired^ 

9. When a Hqnld adheres to a folid, what term do w apply to derfgoato fhe aet of 
adheeioa 7 

Wetting. It is Becessory that a liquid shoald adhera to the sur&oe of a solid 
before it can be wet Water fidling ttpon an oiled suz&oe does not wet it^ 
because there is no adhesion between the particles of the oil and the partides 
of the water. 

10. Why an drops of rain, of tears, and of dew upon tbe leam.of plaati, geiierall7 
cpberfcal, or fibular 7 

The force of cohesion always tends to cause the partioles oi a liqtud, when 
unsupported, or supported on a sur&oe having httle attraction for it^ to as- 
sume the form <^a sphwe— a globe, or sphere^ being the figure wfaidi will 
contain the greatest amount of matter within a given sur&oe. 

This property of fluids is taken advantage of in the artSp in the manufacture 
of shot The melted lead is made to fall in a shower, from a great elevation. 
In its descent the drops become globular, and before they reach the end of 
their &U become hardened by cooling, and retain their form. 



CHAPTER IT. 

ATTRACTION OP GRAVITATION. 

57. The Attraction of Gravitation is 
taction*" ^ tliat form of attraction, by which aU bodies at 
Gravitatioar sensible distances, tend to approach each other. 

Electricity and Magnetism attract bodies at sensible dis- 

Gravitation tances also, but their influence upon difierent classes of bodies 

**th^ /"*™ varies, and is limited by distanca Molecular, or Internal At- 

of attraottonf traction, acta only at insensible distances. The Attraction of 

Gravitation acts at all distances, and upon all bodies. 

What Is the ^^' '^^^'y portion of matter in the universe 
^®** }^J^ attracts every other portion, with a force pro- 

the attraetioa .•■■••.■. . ., 

of ^ oravita- portioned directly to its mass, or quantity, and 
inversely as the square of the distance. This 
is the great general law of the Attraction of Gravitation. 

By the Attraction of Gravitation being directly proportional to the mass of 
a body, we mean, tiiat if of two bodies, the mass of one be twice as large as 
that of the other, its force of attraction will be twice as great : if it is only 
half as large, its attraction will be only half as great 

By the Attraction of Gravitation being inversely proportioned to the square 
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of the distance, we mean, timt if one bedy, or sabstanoe^ attracts another body 
with a certain fi>fce at the distance of a mik^ it will attract with four times 
tliat force at bi^f a miie^ nine times the force at one third of a mile^ and so 
on, in like proportion. On the contrary, it will attract with but one fourth of 
the force at two mSIes, one nhith of the force at three miles^ one sixteenth of 
the force at foixr miles, and so on, as the distance increases. 

^0, 3, This law may be Anther 

fflnstrated bj reference to 
X%. 3« Let G be the center 
of attraction, and let the four 
dotted lines diyerging from G 
represent Imes of attraction. 
At a oertahi cUstanoe from 
the/ will comprehend the 
small square A ; at twioe that 
distance they will include the large square B, four times the size of A ; and 
smce thete is only a certain definite amount of ftttmction indoded within 
these lines, it is clear that as B is four times as great as A, the attnctioii ex- 
erted upon a portion of B equal to A, wiU be only one fourth that which it 
would experience when in the position marked 1, just half as &r from G. 

As grayitative attractioh is Ihe common property of aU 
]^bodi!^ ^ hodies, it may be asked, why all bodies not fostened to the 
on the MTtih^ eartii^S surf^K^ do not come in contact? They would do so^ 
^^SiSai^^ ▼^^ ** ^^ ^^ *^® overpowering hifiuenoe of the earth's at- 
traction, which in a great measure neutralizes, or oyeroomes^ 
the mutual attraction of smaller bodies on its sur&ce. 
Does a feather ^® throw Up a feather into the air, and it Ms through the 
attraet the influence of tlie earth's attraction ; but as aU bodies attract 
^"'^^ each other, the feather must also attract^ or draw up, the 

earth, m some degree, toward itself This it really does, with a force pro- 
portioned to its mass ; but as the mass of the earth is mfinitely greater than 
the mass of the foather, the influence of the feather is infinitely small, and we 
are unable to perceive it 

In some mstaaoes, where bodies are firee to move, the mu- 
Instratioae of tual attraction of all matter exhibits itself. If we place upon 
JJj^gjJ^j ^^ water, in a smooth pond, two floating bodies at certain dis- 
tances from each other, they will eventually approach, the con- 
ditions affecting the experiment being alike for each. Two leaden balls sus- 
pended by a string hear each other, are found, by delicate tests, to attract 
each other, and therefore not to hang quite perpendicular. A leaden weight 
suspended near the side of a mountam, indines toward it to an extent pro- 
portionate to the magnitude of the mountam. 

What is the ^^ ®^^ attracts the moon, a&d this in turn attracts the 
caara of earth. The solid partides of matter upoh the earth's sur&ce, 

'"*®*^ not being free to move, do not senribly show the influence of 

the moon's attraction; but the particles of water compoidng the ocean, bemg 
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free to more, flimish us evidenoe of ibis aitractioD, in the phesomdiift of the 
tides. When, by the revolution of the earth, a certain portion of its sur&oe 
is brought within the direct influence of the moon's attraction, the surface of 
tho ocean is attracted, or drawn up, to form a wave. This wave, or elevation 
of the sur&ce of the water, occurring uniformly, is called a tide ; when the 
moon is the nearest to tho earth, its attraction is the greatest^ and at these 
periods we have high tides^ or '* high water." 

,^ , . ^ 59. All bodies upon the earth are attracted 

What if Ter- _ , * —,- . ii rn 

restrw qmt- toward its ceuter. ThiB we call Teirefitnal 
itjt 

Gravitation. 
What Is the The attraction of the earth is not the same 
^*^tta^ at all distances from the center, being greatest 
**^' at the surface, and decreasing upward as the 

square of the distance from the center increases, and down- 
ward simply as the distance from the center decreases. 

SECTION I. 

WXIGHT. 

HowbaMy ^^- ^^^^ * ^^7 ^^ *^ *^^® earth, it de- 
th«21rfaISfJf '^^^^^ because it is attracted toward the center 
^BMBMth at. of the earth. When it reaches the surface of 
the earth, and rests upon it, its tendency to 
continue to descend toward the center is not destroyed, 
and it presses downwards with a force proportioned to the 
degree by which it is attracted in this direction. This 
pressure we call Weight. 

What Is 61. Weight is, therefore, the measure of 

Weight? £^j^^ ^^j^ which a body is attracted by the 
earth. In ordinary language, it is the quantity of matter 
contained in a body, as ascertained by the balance. 

Weight beu3g, then, the measure of the earth's attraction, it 
might mt follows that as the attrac^n of the earth vaiies, weight must 
also vary, or a body wiU not have the same weight at all 
places. 

The weight of a body will be greatest at the smfhce of the 
body^ tSji ^^'^ ^^ greatest at those pomts xxpoa. the surface which are 
the meet, and nearest the center. 

^2Si ^^ As the earth is not a perfect sphere, but flattened at the 

poles, the poles are nearer the center than the equator. A 
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body, titerefore, win be attracted most strongly, that is, will weigh the most^ 
at the poles, or at that portion of the earth's surface which is nearest the 
center, and weigh the least at the equator, or at that portion of the earth's 
surface which is most remote from the center. 

A ball of iron weighing one thousand pounds in the latitude of the city of 
New Tork, at the leyel of the sea^ wiH gain three pounds in weight, if re- 
moved to the north pole^ and lose about four pounds if conveyed to the 
equator. 

How doea 62. If a body be lifted above the mrEace of 

M ▼^'•aSS the earth, its weight will decrease in accord- 
carth'i^^wr- ance with the law, that the attraction of 
*^^' gravitation decreases upward from the surface, 

as the square of the distance from the center of the earth 
increases. 

The weight of a body, therefore, will be four times greater at the earth's 
sur&ce, than at double the distance of the surface from the center,* or a body 
weighing one pound at the earth's surface, will have only one fourth of thai 
weight, if removed as &i from the surface of the earth, as the surface is from 
the center. 

How does ^^' ^ *^® attraction of gravitation decreases 

weight TMT downward from the surface to the center of the 

an we descend «• . •• it 

from the snr- earth, Simply as the distance decreases, weight 
will decrease in like manner. 

A body weighing a pound at the surface of the earth, will weigh only half 
a pound at one half the distance fit)m the sur&ce to the center. 

Tin, •« -*n 64. At the center of the earth a body will 

wiiere win a -, •» ii • ^ • i • 

wS^ht?^"** necessarily lose all weight, since, being sur- 
rounded on all sides by an equal quantity of 
matter, it will be attracted equally in all directions, and, 
therefore, can not exert a pressure greater in one direction 
than in another. 

Whet ere ^ ^® attractive force which the earth exerts upon a body 

U^htbodf"^ is proportioned to its mass, or to the quantity of matter con- 
tained in it, and as weight is merely the measure of such at- 
traction, it follows that a body of a large mass will be attracted strongly, and 
possess great weight, while, on the contrary, a body made up of a small 
quantity of matter, wiU be attracted in a less degree, and possess less weight 
We recognize this difference of attraction by calUng the one body heavy and 
the other light. 

If, as is represented in Fig. 4^ we place a mass of lead, a, at one extremity 
of a well-balanced beam, and a feather, &, at the other, we shall find that the 

2* 
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lead is drawn to the earfli witb a force ezactlbf eqtMd to the snperieviiy of its 

mass over that of the feather. 11^ 
however, we tie on a suffideot 
number of ftathera to m6ke up a 
qoanUty of matter equal to that 
of the lead, the equilibrium is re- 
stored — ^the two quantities are 
attracted with equal force, and 
the beam !a sopported in a hc^- 
sontal poflition. 

65. In all the opera- 
tions of trade and com- 
30, we sell, or ex- 
change a given quantity 
' one article or substance 
for a certain quantity of 
some other article or substance — so much flour for so much 
sugar, or so much sugar and flour for so much gold. 
Hence the necessity, which has existed from 
the earliest ages, of having some fixed rules or 
standards, according to which different quanti- 
ties of different substances may be compared. A set, or 
series, of such rules or standards of comparison, is called a 
System of Weights and Measures. 

Various nations adopt different standards, but in the dyil- 
ized and oommerdal world, but two great Systems of Weights 
and Measures are generally recognized. These are known as 
the English, and the Frendi Systems, 

In the English System, which is the one used in the United 
States, there are two systems of wdghts — ^Troy and Avoirdu- 
pois Weight Troy Weight is prindpally used for weighing 
gold and silver; Avou^upois for weighing merchandize, other 
than the precious metals; It derives its name &om the French avoirs (averia)^ 
goods or chattels, and paids, weight The smallest weight made us6 of in 
the English System is a grain. By a law of England enacted in 1286, it 
was ordered that 32 grains of wheat, well dried, should weigh a pennyweij^-ht. 
Hence the name urain applied to this measure of weight It was afterward 
ordered that a pennyweight should be divided into only 24 grains. Grain 
weights for practical purposes, are made by weighing a thin plate of metal of 
uniform thickness, and cutting out, by measurement, such a proportion of 
the whole aa should give one grain. In this way, weights may be obtained 
for chemical purposes, which weigh only the 1,000th part of a grain. 



What is a Sys- 
tem of Weighta 
ttndMeasoresf 
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two great Sys- 
tems of 
Weights and 
Measures t 
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peculiarities of 
the English 
System Y 
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Bowdow«eb. 66. in constructing a System of Weights 
iSf of m^ti «^d Measures, it is necessary, in the first place, 
andMsMoreflr ^o fix upon some dimension which shall forever 
serve as a standard from which all other weights and 
measures may he derived, and by which they may he com- 
pared and verified. If an artificial standard were taken, 
it is evident that it might be falsified, or even entirely lost 
or destroyed, thus creating great confusion. It is, there- 
fore, necessary to fix upon some unchanging and invariable 
space or size in nature, which will always serve as a stand- 
ard, and which the art of man can not affect. In the 
English System of Weights and Measures, such an un- 
varying dimension, or standard, is found in the length of 
a pendulum. 

jj^^^^^^^j^^^^ 67. A pendulum is a heavy body, suspended 
Fendaimn. fiom a fixcd poiut by A wire or cord, in such a 
manner that it may swing freely backward and forward. 
The alternate movements of a peindiilttm in opposite di- 
rections are called its vibbations, or oscittAtltOKa, and 
the part of a circle over which it m<W%# i« WkHed its ABO. . 

In Figf. 6, A B represents a pendulam ; D f^. ^ 

Gy the arc in which it yibrates. 

Ko w, it has heen found that 
a pendnlum, of any weight, 
which in the latitude of Lon- 
don will vibrate, or swing over 
the same arc^ or from the 

highest pomt on one i^de, to the highest point 

on the other side, in one second of time, wUl 

always^ under the same drcumstancea^ have 

the same length. The length of this pendulum 

(the part A B, Fig. 6) is divided into 391,393 

equal parts. Of thescJ pfirts, 10,000 are called 

an inch, twelve of which make one foot, 

thirty-six of them one yard. Thus we ob- 
tain standards of Imear measure. 

To obtain a Standard of W^ht, ft oabic inch (aecurcUdy o!h 
iainedfrom «^;)enrfaftw») of distilled water, of the temperature 
of 62<> Fahrenheit's thermometer, is taken and weighed. 

This weight is divided into 262,468 equal parts; and of these^ 1,000 wUl be 

tk grain. The grain multipHed, gives ounces, pounds, eta 
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Explain the 
construction of 
the French 
System of 
Weiglito and 
Mea8ure«. 



Boir do ▼• o1». ^ obtain standards of Liquid Keasnre, ten pofond^ or t,0(M> 
tain Standard! grains of distilled water, at the same temperature, are made 
Heuurefll ^ oonstitate a gallon, ^e gallcm, by division, giyes qnarts, 

pints, and gills. 

68. The French System of Weights and Measures is 
constructed on a different plan^ and originated in the fol- 
lowing manner : 

In 1788, the French Chvemmeni, feeling the neoessitj of 
having some standard by which all weights and measures 
might be compared and made uniform, ordered a scientific in- 
quiiy to be made; the result of which was the establishment 
of the present system of I^ench Weighis and Mtasurei, whieli, 
from its perfect accuracy and simplicity is superior to all other systems. It is 
sometimes called the Decimal System, all its divisions bemg made by tou. 

The French standard is based on an invartabte dimension of the ghbe, viz., a 
fourth part of the earth's meridian^ or the fourth part of the largest drde pass- 
ing through the poles of the earth. 

In Fig. 6, the circle N B S W repre- 
sents a meridian of the earth ; and a fourth 
part of this circle, or the distance N £, con- 
stitutes the dimension on which the French 
System is founded. This distance, which 
was axxnirately measured, is divided into 
ten million equal parte ; and a single ten 
millionth part adopted as a measure of 
length, and called a metre. The length of 
the metre is about 39 English inches. By 
multiplying or dividing this quantity by ten, 
the other varieties of weighto and measures 
are obtained. 

69. In the United States, Standards of Weights and 
Measures, prepared according to the English System by 
order of the Government, are to be found at Washington, 
and at the capital of every State. 
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PRACTICAL PROBLEMS ON THE ATTRACTION OP GRAVI- 
TATION. 

1. Sappose two bodies, one veiglifaig 80 and the ether 90 poinds, iltiuited ten miles 
apart, were free to moTO toward each other, under the inflnenee of mntoal attraetlen : 
what space would each pass oyer before they eame in contact ? 

The mutual attraction of any two bodies for each other Is proportional to the ^entity 
of matter they contain. 

. 2. A body upon the sarfaee of the earth weighs one pooad, or sixteen onneest if by 
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sayneanave w«14 eanytt 4,000 mSIei abo^ Um «trtli> nifaM, wbat wovU be tti 

£ro{tttum: The ferce of gravity deereaees npvard, aa «lie aquare ef fhe distanee from 
the ctiuter increases : weight, therefore, will decreaae Ib like proportion. The «^<iit»TMif> of 
the hody upon the snriace of the earth, from the center, ii 4,000 miles. Ita distance from 
the center, «t a point 4,000 miles above the snrfaee, ia 8,000. The sqnare of 4,000 is 
16,000; the square of 8,000 is 64,000. The weight, therefore, wHI be diminished in the 
Same proportion ms 64 is greater than 16 : that is, it will be diminished }ths, or weigh ith 
of a poand, or 4 ounces. 

3. WhatwiBbefhew^gfatof fhe ianM body removed 8,000 mileo from the earth's 

surface ? 

4. A body on fhe mrftee of the earth wei^ tea tomi what wonld be Ua weight If 
elevated 2,000 miles above the snrfaoe f 

5. How far above the aarfaeeof Ihe «rth mnak a povnd -vd^t bo eanled, to make it 
weigh one ounce avoirdupoia t 

6. What would a body wei^^if 800 ponnda upon the •artfa*i rarfaee, weigh 1,000 
mUes below the surlhoe? 

The force of gravity deereases aa we descend ftom the snrfkee into the earth, rimply 
as the distance downward incroases, — ^weight being the measure of gravity, it therefore 
decreases in the same proportion. The distance from the surface of the earth to the 
center maybe assumed to be 4,000 miles : 1,000 miles is one fourth of 4,000. The dis- 
tance being decreased one fourth, the weight ia diminished in like proportion, and the 
body will lose 200 pounds, or its total weight would be 600 ponnda. 

7. Suppose a body weighing 800 pounds upon the sorfaee of the earth were sunk 8,000 
mili^s below the sur&ee : what would be its loss in weight 7 

8. If a mass of iron ore weigfaa ten tons upon the earth*! suriSftoe, what would it weigh 
at the bottom of a mine a mile below the surfkeef 

9. What will be the weight of the same massat the bottom of a mine one half a milo 
below the earth's sorfaee f 



SECTION II. 
SFECmO 6BAYITT, OB 'WEtOHT. 

I what two ^^' "^ ^®°® ^^ "^^"^ ''"^ ^ water, and floats upon quick* 
senses may the Silver. In the first instance, we say the iron sinks because it 
^"uBedr^^^* ^ heavier than water; and in the second, it floats, because it 
is lighter than quicksilver. Iron, therefore^ is a heavy body 
compared with water, and a light body compared with mercury. But in or- 
dinary language, we always consider iron as a heavy body. The term 
weight may, therefore^ be used in two very different senses, and a body may 
be at once very light or very heavy according to the sense in which the terms 
are used. A mass of cork which weighs a ton is very heavy, because its ab- 
solute weight as indicated by the balance^ viz^ 2,000 pounds, is considerable. 
It is, however, m another sense, a light body, because if compared, bulk for 
bulk, with most oth^ solid substances, its w^^t is very small. Hence we 
make a distinction between the absolute, or real weight of a body, and ita 
specific^ or oomparative weight 
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What to Ab. 71 The Absolute Weight of a body is 
loiotoWeisiitr ^i^^ ^f i^ entire mass^ without any leference 
to its bulk, or volume. 

What u sp«. 72. The Specific Weight, or the Specific 
cific Weight f Gravity of a body, b the weight of a giveu 
bulk, or volume ofthe substance, compared with the weight 
of the same bulk, or volume, of some other substance. 

The term " Speoiflo" Weighty or Giavify, is I28ed» because 
^tem^Spc! bodies of different species of matter have different weights 
eifie,** u tp« under e^oal bulksi or Yofames. Tbiaa, a cubic inch of cotk, 
^^Au 1^^ ^ different weight from a cubic indi of oak, or of gdd, and 

a cnblo inch of water contains a lees weight than a cubic inch 
of mercmy. Hence we saj that the specific grayitf, at ttpedSc weighty of 
cork is less than that Of oak or gold» and the specifio gravity of mercury la 
greater than that of water. 

73. Specific Gravity, or Weight, bdng merely the oompar»> 
sSidard tor **^ P*^i^i ^^ weight, it is convenient that some standard 
estimating the should be seleoted, to which all other substances may be re> 
Uy^£>2eii t* ^'^"^ ^^ comparison. Distilled water has accordingly been 

taken, by common Consent, as the standard kit comparing the 
Weights of all bodies in the solid, or liquid Ibim. The reason Sat using dis- 
tilled water is, that we may be certain of its purity. 

Water, therelbre, being fixed upon as tlie standard, we determine the spe- 
cific gravity of a body, or we ascertain how much heavier or lifter a sub- 
stance is than water, by the following rule:— 

Hoir do w« 74. Divide the weight of a given bulk of the 
Sfle *toX substance, by the weight of an equal bulk of 
•fbodietf ^a,ter. 

Explain ihs Suppose we take five vessel each of wluch would contain 

uDiication of exactly one hundred grains of water, and fill them respectively 
''*!»• ^th spirits, ice, water, iron, and quicksilver. The following 

differences in weight will be found: — ^The vessel filled with spirits would 
weigh 80 grains ; with ice, 90 grains; with water, 100 grains ,* with iron, V50 
grains ; with quicksilver, 1,350 grains. 

Water having been selected as the standard for comparing these different 
weights, the question to be settled is simply this: How much lighter thnn 
water are spirits and ice, and how much heavier than water are iron and 
quicksilver; or, in other words, how many times is 100 contamed in 80, 90, 
750, and 1,360 T Die weights of the difibrent substances filling the vessel 
are, therefore, to be divided by 100, the weight of the water; and there is 
found for spirits the weight 0*80, one fifth lighter than water ; for the ice, 0*90, 
one tenth lighter than water; for the iron, 7 '50, or seven and a half times 
heavier than water; for the quicksUver, 13*60, or thuteen and a half times 
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heavier tliaa \mter. These nrnnhers, ^bjBte&s% Bie Vtie ipec^ie gra^ 
^nrHSf tec, troOf and qviekniver, 

for obtaimng the specific grayity of liquids the method 
itiZ the^ml ^^^® described is substantially the one usually adopted in the 
«dfic GrsTUy artSL A bottle capable of holding exactly 1,000 grains of 
^,^?^^ distilled water, at a temperature of 60° Fahrenheit, is ob- 
tained, filled with water, and balanced upon the scales. The 
water is then removed, and its place supplied with the fluid whose specific 
gravity we wish to determine, and the bottle and contents again weighcfl 
The wei^ of tiie fluic^ divided by the weight ciiba water, gives the specific 
gravity required. Thus a bottle holding 1,000 grains of distilled watpr, will 
hold 1,846 grains of sulphurio add ; 1,846-1-1,000=1.845, or, the sulphuric 
add Is 1*846 times heavier than an equal bulk of water. 

we im- ^®' obtaining the spedfic gnmty of aplid bodies, a diffepent 
mene a body method is adopted. When we immerse a body in water, 
iB^^t^, vluft 1^ displaces a quantity of water equal to its own bulk. (In 
Fig. t, the e^jace occupied by the cube A B is obvious^ 
equal to a cube of water of the same size.) The Fia. 7. 

water that bef<»e occupied the space whidi the 
body now fills was supported by the pressure of the 
ofther partldes of water around it. The same 
pressure is exerted on the substance whidi we 
hare immersed in tiio water, and, oonsequently, it 
wifl be supported in a like degree. 

..^ _„, If the body weighs less than an 

VT Hen wiu a * . .« - ^ ^» 

body rink, and equal bulk of water, the pressure 

^ter T^°*** ^ *^*^® ^^^^^ ^^^ sustain it entirely, 
^^ and the body will float; i^ on the 

contrary, it is heavier than an equal bulk of water, 
Uie pressure of the partides of water will be un- 
able wholly to sustain it, and, yielding to liie at> 
traction of gravitation, it descends, or sinks. 

But to whatever extent a body may be supported in water, to the same 
extent it will cease to press downward, or its weight will diminish. We ac- 
oordmgly find, that a solid body, when unmersed in water and weighed, will 
weigh less than wh^ci weighed hi air, and the difierence between these two 
weights will be equal to the weight of a quantity of water ai the same size or 
bulk as the solid body; all bodies of the same size, therefore, lose the earvi 
quantity of thek weight in water. To find the Spedfio Gravity of Solic's 
heavier than water, or their weight compered wi& the wdght of an equal 
bulk of water, we have the following rule : 

Hoird<iwe««- "JTS. Ascertain the weight of the body in 

a^ifij Grir? ^ater, and also in air. Divide the weight in 

hlaX ^hai ^ir ^7 *^® ^^^ ^^ weight in water, and the 

water? * qnotient will be the specific gravity required. 
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Picks. 




is known. 



Suppose a piece of gold weighs ia 
the air 19 grains, and in water 18 
grains ; the loss of weight in water will 
be 1; 19-^-1=19, the specific gravity 
of gold. 

Fig. 8 represents the arrangement of 
the balance for taking specific gravities, 
and the manner of suspending the body 
in water ih)m the scale pan, or beam, 
by means of a fine thread, or hair. 

76. To find the specific 
gravity of a body lighter than 
water, tie it to some substance 
sufficiently heavy to sink it, 
whose weight in air and water 



liar do ire 
find the Spe- 
cific Gravity 
of a body 
lighter than 
water? 



Weigh the two together, both in air and water, 
and ascertain the loss in weight. This loss 
will be the weight of as much water 'as is equal 
in bulk to the two solids taken together. 
Subtract the loss of the heavy body weighed 
by itself in water, previously known, from the loss sus- 
tained by the combined solids. The remainder will be 
the weight of as much water as is equal in bulk to the 
lighter body. Divide the weight of the lighter body iu 
air by this remainder, and the quotient will be the spe- 
cific gravity required. 

Thus, for example, let the weight of the lighter solid be 3 ounces, and that 
of the heavier solid 15 ouncea Let the weight which the two together loso 
when submerged in water, be 6 ounces, and let the weight which the heavier 
alone loses when immersed be 1 ounce. Subtracting the loss of weight of the 
heavier body, in water, 1 ounce, from the combined loss of the two in water, 
5 ounces, we have 4 ounces as the weight of a mass of water equal in bulk to 
the lighter body. But the weight of the lighter body in air ia 3 ounces ; 
3-i-4=0.'?5=t. It will, therefore^ weigh three quarters of its own volume 
of water, or have a specific gravity 0.75. 

*11. The specific gravity of liquids may also be found by the 
SiT tST^SpJ ^*^^^ 5n the following manner : Weigh a solid body in water, 
dflc Gravity as well as in the liquid whose specific gravity iB to be de- 
baSnoe?^^*''* termined; then the loss in each case wiU be the respective 
weights of equal bulks of water and liquid. We have, there- 
fore, the following rule: 

78. Divide the loss of weight in the liquid by the loss 



8FB0IFI0 GRAVITY, OB WEIGHT. 41 

of -weight in water;. the quotient will give the specific 
gravity of the Kquid. 

Thiia a solid body (a piece of glass is generally used) loses 20 grains when 
weighed in watcrr, and 30 grains when weighed- in oil ; 30+20=1.5, the spe- 
cific gravity of the oiL > 

'<9. There are. various other methods of obtaining the specific gravity of 
Eolida and liquids.* Those we have described are the ones most generally 
adopted. 

iToirdoireob. 80. For ohtaining tbe specific gravity of 
dfii *Gra^^ gases,, air instead of water is adopted as the 
ofaGas? Standard of comparison. The weight of a 
given volume or measure of a gas is compared with the 
weight of an equal volume of pure atmospheric air, and 
the weight of the gas divided by the weight of the air, 
will express the specific gravity of the gas. 

81. The following table exhibits the specific gravity of various soGd, liquid, 
and gaseous bodies ; pure water, having a temperature of 60 degrees Fahren- 
heit's thermometer, being assun^ed as the standard of comparison for solids 
and liquids, and pure, dry air, having the same temperature^ being assumed 
as the standard of comparison for gases. The metal platinum has the greatest 
spedfic gravity of any solid body, being 20.98 times heavier than an equal 
bulk of water; and hydrogen gas the least specific gravity of any of the gases^ 
being 0.07 lifter than an equal bulk of air, and 0.00008 lighter than an equal 
bulk of water. These two substances are respectively the heaviest and light- 
est Ibrms of matter with which we are acquainted. 

BOLZDS AKB UQXJIDS, 

Distflledwater « .* . « . 1.000 

Platinum ..*.••* 20.980 

Gold 19.360 

Mercury • « . • 13.600 

Lead ll-«0 

Silver •••••• 10.500 

Copper • 8.870 

Iron ...,..••• "^.SOO 

Flmt Glass • • • 3.320 

Harble ....••• 2.830 

Anthracite coal * • 1.300 

Box-wood 1-320 

Sea-water 1.020 

"Whale oU 0.920 

Rtch-pme wood * 0.660 

* See Rydrometerk 
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White pine •••»••••••» 0.490 

AJoohol ; » 0.800 

Ether 0.720 

Cork • « . 0.240 

QASXa. 

Pore^ dry atmoepheric air . • • • • • • 1.000 

Carbonic acid gaa ^ « • • 1.620 

Oxygen. •••••••••••• 1.100 

Nitrogen ••••«•«••«•• 0.970 

Ammoniacal gas • •*.«••«•• 0.680 

Hjdrogen •••••• 0.0t0 

now etn we ®^' ^ ^^^^ ^*^ ^ ^ratwp w^hs almost «xac67 1,000 
determine the ocoioefl avoirdupois, Or 62-|- pounds, n; ihem&m, the specific 
onJ^ySSm ^^*y **^ water be represented by the nomber 1,000, the 
Its ^MoMe numbers which express the spedfie gravity of all other solida 
Qnvityi and liquids, will also express the number of ounoss contained 

in a cubic foot of their dimensions. Thus, the q>ecifio gravity of gold being 
19.360, it follows that a cubic loot of gold wOl weigh 19,360 ounces; and the 
specific gra^ty of cork being 0.240, tiie weight of a cubic fbot of cork will 
be 240 ounces. By means of a table of speoifio gravities^ therefore, the 
weight of any mass of matter can be ascertained, provided we know its cu- 
bical contenta^ by the following rule; 

83. Multiply the weight of a cubic foot of water }yy 
the specific gravity of a substance ; the product will be 
the weight of a cubic foot of that substance. 

Thus, anthracite coal has a Specific gravity of 1.800. Th!% multiplied by 
the vreight of a cubic fbot of water, 1,000 ounces^ gives 1,800 ounces, which 
is the weight of a cubic foot of coaL 

Hoir em ire 84. The vdume, or bulk, of any given weight 
bSkrf"» JSJi ^^ * substance can also be readily calculated, 
SJSS^^^ by dividing the number expressing the weight 
^^\ in ounces by the number expressing the spe- 

cific gravity of the substance, omitting the decimal points; 
the quotient will e^xpress the number of cubic feet in the 
volume, or bulk. 

Thus, for example, if it be desired to ascertain the bulk of a ton of iron, it 
is only neceasaiy to reduce the ton weight to ounces, and divide the number 
of ounces by V.800, the specific .gravity of Iron ; the quotient will be the 
If the parttd wonber of cubic feet in the ton weight 

ofmatterirere 85. If the particles of aU matter were per- 

free to moTOy <»i/» n n i» 

boir irouid fcctly free to move among themselves, their 
thmedm'f^ arrangement in space would always be in ex- 
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Wh^ dooi ft 
banoonuoend, 
or ft oork rioe 
to tbs Borfaoe 
of wftterf 



act accordance with their different specific gravities : in 
other words, light bodies, or those having a small specific 
gravity, would rest upon, or rise above all heavier bodies, 
or those possessing a greater specific gravity. 

Whftift in In the case of di£ferent liquids, the particleB of which are 

trationa of this free to move among themselTes, fhia ansngement. always ex- 
principle? |s^ gQ jQQg as the different sabstanoeB do not oombine to- 

gether, by the force of chemical attraction, to form a compomid sabstance. 
Thus, wat«r floats npon solphtnio add, oil upon water, and aloohd upon oil, 
and by carefblly pouring each of these liquids saocessiTely npon the sur&co 
of the oth«^ th^ may be airanged in a glass In layers. 

Carbonic acid gaa is heavier than atmoq>heric air. "We accordingly find 
that it aocmntdates at the bottom of deep pits^ wells, oaTems and mines. 

This principle also explains certain phenomena whidi at 
first seem opposed to the law of tenestrial gravity, that all 
matter is attracted toward the center of the earth. We ob- 
serve a baUoon, a soap-bubble, or a dood of smoke or steam 
toascend ; and a cork, or other lig^t body, placed at the bot- 
tom of tk ve s se l of water, rises through it, and swims on the scuftoe. These 
phenoDMna are a direct ooDseqnenoe of gnivitatkxi ; the attraction of wfaidi, 
inflreaaiog with ib» quantity of matter, draws down the danaer air and water 
to occapy the phice filled by the lighter bodies, which are thus poshed up^ 
aad compelled to ascend. 

{ijo, 9, Suppose a, Tig. 9, a ball of wood so loaded v^b lead 

that it win float exactly in the middle of a vessel of water. 
The w^ht of the wood and tb» upward presBore of the 
water have such a relation to each other, that the ball is 
balaaoed in Hiis position. If now we add a &w drops of 
strong salt and water, we shall see, as it smks and mixes 
with the water, that the ball, a, is forced to the top of the 
fluid, because the attraction of gravitation on the denser 
fluid draws it down, and compels it to occapy the place 
of a. 

The principle that the particles of liquids arrange them- 
selves according to their speca&a gravities, has been taken 
advantage of in the West Indies by the slaves, in order to 
enable them to Steal rum ft<m casksi The long neck of a bottle filled with 
water, is inserted through the bung of the cask into the rum. The water 
falls out of the botUe into the cask, while the lighter rum rises to take its 

place. 

The principle ci specifio gravity admits of many valuable 
applications in the arts. It offers a very sore and quick 
method of determining whether a substance is pure or adul- 
terated. Thus, silver may be mixed with gold to a consider- 
able extent^ without changing, to any great degree the ap- 
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pearance of the gold. The specific gravity of pure gold being 19, and of pore 
silver 10, it is obvious that a mixture of the two will have a specific gravity 
less than pure gold, and greater than pure silver, the diffierence being propor- 
tioned to the amount of adulteration. In the same way we can determine 
whether cheap oils have been mixed with expensive oils, cheap and poor il- 
luminating gas, with expensive and brilliant gas. In any case it enables us 
to ascertain the exact size or solid bulk of a mass, however irregular— even 
of a bundfe of twigs.* 

PRACTICAL PROBLEMS RELATIKG TO SPECIPIC GRAVITY. 

1. The irelght of a BoUd body is 200 grains, bat its weight in water is onlj 160 gimias ; 
wliat is the specific gravity of the body ? 

ScHuHon : 50 grains = loss of weight in water ; 200 grains (weight in air) +60=4, b^- 
cific grayity required. 

2. A body weighed in the air 28 pounds, and in water 24 pounds ; what is its specific 
gravity? 

3. An irregnlar fragment of stone weighed in air 78 grains, but lost 80 upon being 
weighed in water; what was the specific gravity of the stone? 

4. A piece of cork weighed in the air 43 grains, and a piece of brass 560 grains ; the 
brass weighed in water 488 grains, and tba brass and cork when tied together wdghed in 
water 836 grains. What was the specific gravity of the cork t 

5. How much more matter is there in a cable foot of sea*water, than Sn a euMe Ibot of 
firesh water? 

6. Would a piece of steel sink or swim in melted copper ? 

7. When alcohol and whale-oil are put in the same vessel, which of these two sob- 
Bt«Qce8 will occupy the top, and which the bottom part of the vessel? 

8. If a cubic foot of water weigh 1,009 ounees, what will be the weight of a cubic foot 
of lead? 

9. What wiU be the wdght of a cubic foot of eork, in ounoes and In pounds ? 

* The attempt to ascertain whether a particular body had been adulterated led Archi- 
modes, it is said, to the discovery of the prineiple of specific gravity. Hiero, King of 
Syracuse, having bought a crown of gold, desired to know if it were formed of pure metal ; 
and as the workmanship was costly, he wished to accomplish this without defacing it. 
The problem was referred to Archimedes. The philosopher for some time was unable to 
solve it, but being in the bath one day, he observed that the water rose in the bath in ex- 
act proportion to the bulk of his body beneath the surface of the water. He instantly per- 
ceived that any other substance of equal sice, would raise the water Just as much, though 
one of equal weight and less rise, or bulk, could not produce the same effect. Convinced 
that he could, by the application of this principle, determine whether Hiero*s crown had 
been adulterated, and moved with admiration and delight, he is said to have leaped from 
the water and rushed naked into the street, crying ** EvprjKa ! Evprixa V* " I have found it t 
I have found it T* In order to apply his theory to |Mractice, he procured a mass of pure gold 
and another of pure silver, each having the same weight as the crown ; then plunging the 
three metallic bodies successively into a vessel quite filled with water, and having carefully 
collected and weighed the quantity of liquid which was displaced in each instance, he 
ascertained that the mass of pure gold, of the same weight as the crown, displaced less 
water than the crown ; the crown was, therefore, not pure gold. The mass of pure silver 
of the same weight as the crown, displacedmore waterthan the crown; the crown, there- 
fore, was not pare silver, but a mixture of gold and silver. 
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10. Hoir tauj caUe fttt in a tonof gold t 

11. HotrmanyenbiefSaetlntwotoiifofuitfinMlteeQAlf 

12. Hov many entaie feet in » ton of eork ? 

13. AfragmeDt of neftel loit 6 ovMeo vim w«l|^ad lavilar: irliftlviera itf 4iaeii« 
sioae, supposiiig a eubic foot of water to weigh 1,000 ouneee 7 

SoluHon: The loMof weight in water, 5 onaeee, ie the weight of a hoik of water eqoal 
to that of the body. As we Imow the wc%ht of a cable foot of water, we can detemloe 
the nomber of eabie Inehee or ileet in any gi^en weight, thai : as 1,000 (the weight of a eable 
foot of water in oaneee) ii to 6 ouneee, eo ie 1,T88 (the anmber of eaUe inehee In a enbio 
foot) to 8.04 cable hMhea, the dimemrtona of the ftagment 

14. Wioiihig to aaeertaia the nmnber of enUe Indiee Inaa iiregidar ftagmeat of etone, 
it waa weighed in water, and ite low of weight obeerred to be 415 owneei, Whatwereits 

if 

SECTION III. 

OBNTBB OP OBAYITT. 

86. The Centkb of Gravity in a body, is 
centoro^r^. that point about which, if supported, the 
whole body will balance itself. 

•^Q YQ^ If we take a rod, or beam, of 

equal size throQghottty and auspend 
it fh>m the middle, Fig. 10, the 
two sides will exactly balance each 

^ other, and it wiU remain at rest in 

a horizontal position. There being 
as much matter similarlj situated on <me side of the support as on the other, 
the force of attraction exerted on both sides will be alike^ and therefiure one 
side can not oy^power, or outweigh the other. 

In eveiy body, of whatever nze or form, a point may be 

How may we found, about which, if supported, all the parts of the body will 
coD^der the , , ^ . ^ ^ ^'^ -b,i_j^ ,. -jj 

whole attrao- balance, or remam at rest Everybody may be considered as 
ti^ezertedon jng^Q ^p ©f separate partides, each acted upon separately by 
trated at ite gravity, but as by supporting this one point we support the 
Centerof Gray, ^j^^ ^ i,y jiftijag it we lift the whole, and as by stopping it 
' we cause the whole body to rest, the whole attraction exerted 
on the entire mass may be considered as concentrated at this one pointy and 
this point we call the Center of GmLvrrT. 

What IB the ^"^^ ^^^ Center of Magnitude of a body, 

centerofMag. is the cential Doint of the bulk, or mass of the 

nitader * ' 

body, 

wh re la th ^^* ^^^^^ ^ ^^7 ^ of unifomi density, the 

Center of Qtav- CENTER OF GRAVITY will Coincido with itS 

' center of magnitude ; but when one part of a 
body is composed of heavier materials than another part, 



46 WELLS'^ KASUBAX* FHU.OSOPHT, 

the center of gravity no longer correftpondB wilJi the center 
of magnitude, or the eentral point of the bnlk of the body. 

Fio. 11. ^us, in a sphere, a cube^ or a egrBoder, tiie oenter of grov- 

i^ is the same as the center of the body. In a ring of oni* 
fona size and density, t^e center of grvrity is the center of 
I the ^aee inclosed in the ring (see F%. 11). This example 
I shows that the center of gravity is not necessarilj included 
(n that portion of spa^ce occupied by the matter of the body. 
In a wheel of wood of unifonn deosi^ and thkknflss Hae 
center of gravity will be the center of the wheel, but if s^ pait of the rim be 
maiie of iron, the oenter of graiily will be removed tosome pcnnt aside fiom 
the center. 

When two bodies are cosmected togetiier, they may be regarded as one 
body, having but one center of gravity. If the two bodies be of equal wdght^ 
the center of gravity wiU be in the middle of the fine winch unites them; 
but if one be heavier than the other, the oenter of gravi^ will be as mudi 
nearer the heavier body, as the heavier exceeds the lighter one in weight 
TiQ. 12. ^^ if two baUfij, each weigliing four pounds be 

eonneoted together by a bar, the center of gravity 




^ — ^ 



1 ^^ will be a point on the bar equally distant from 



each. But if one of the balls be heavier than the 
other, then the center of gravity will, in propor- 
tion, approach the larger balL This is illustrated by reference to Fig. 12, in 
which the center of gravity about which the two balla support themselvei^ is 
seen to be neacest to the heavier and larger ball 

89. The center of gravity of a body being regazded as the 
^terof%Mv? P^^ ^ which the sum of all the focces of gravity actmg upon 
ifey be inperma- the separate partides of the body are conoentrated, it is ol>- 
oittUU^m 7^' vlous that it must be influenced by the attraction of t^e earth 
in a greater degree than any other portion of the body. It 
follows, th»efine, that if a body has freedom of motion, it cim not be brought 
into a position of permanent equilibrium, until its oenter of gravity occupies 
the lowest situation yrbidtx the support of the body will 'altow; that is, the 
center of gravity will descend as &r toward the center of the earth as possible. 

-_ ^ ^ 90. By Equilibbiuh we mean a state of rest 

Wnat do wo ^ X ^ ^ •* • 

njljjy Equal- produced by the counterpoise, or balancing, of 
opposite forces. 

Thus when one force tendmg to produce motion in one direction, £9 opposed 
by an equal force ten£ng to produce motion in an exactly opposite direction* 
the two balance each other, and no motion results. To produce any action, 
there must be an uoiequallty in the condition of one of the forces. 
By what ex- The truth of this principle may be illustrated by certain ex- 
periment can periments which at first seem to be contradictory to it Thus 
S2 prince? ^ cylinder may be made to roll up an inclined plane. Fix a 
piece of lead, 2^ fig. 13, on one idde of the cylinder a, so that 
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ttiecQBtes of gmvUgr ^ tilM pjrlinOer viU be at the pomitwhOe Us oeafew 

of magnitude is at c The cylinder 
will then roll up the inclined plane to 
the position a ( because the center 
of gravity of the masfl^ ( will endeavor 
I to descend to its lowest point 

91. A prop that supports 

the ce^ter of gravity »up- 

the whole body. This support imj be applied in 

twbatthwa tlweediflFerentwayB: 




Day tbe 

ofOMV- 




1. The point of support may he applied di« 
rectly to the eeuter of gravity of the body. 

2. The point of support may hare the cen- 
of gravity immediately below it. 

The point of support may have the center of gravity 
ediately above it. 

In the first casoi where the pohit dt support is implied di* 

rectiij to the center of gravity, the body wiU remain at rest in 

any position ; this is illustrated in the case of a common wheel, 

center of gravity Is also the center of the figure^ and this being 

j^Q^ 14^ sui^)orted on the axle, the wheel rests 

indifferently in any poation. In fig. 

14^ let a, the center of the wheel, which 

90 Is also its center of gravity, be supported 

by an axle ;— the wheel RNSts, oo matter 

—tE* ^ what extent we torn it. 

In the second case, where the point 



niaitrate 
■eeond ca 



the 



*" B -"^ of supp(»t is above the center of gravity, 
Hj the body, if it is allowed freedom of mo- 
^B tion, will not rest in perfect equilibiio 
un^ its center of gravity has descended to the lowest position, which in all 
cases will be immediately beneath the point of snepension.' 
Thus, m Fig. 14, let the wheel, the center of gravity of whid^ 
is at 0, be suspended irom the p(»nt h, by a thread, or hung 
upon an axle, having freedom of motion on that point. However much we 
may move it, either right or left^ toward tn or fi^ as shown by the dolled liues^ 
am and an, it swings back again, and is only at rest when b and d ve in the 
same perpendicular line. 

In the third case, where the point of support has tbe cen« 
ter of gravity above it, a body will remain at rest (mly so Icmg 
as the center of gravity is in a vertical line, above the point 
of support In Rg. 14, suppose the wheel to be supported at the point e, at- 
uatcd in a vertical line a c, immediately below the center of gravity, a; so 



mastnte 
third case 



tbe 
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long as thifl^^tion is maintained, the wheel will remam at rest, bat tiie zno- 
ment the center of gravity, a, is moved a little to the right or left, so as to 
throw it out of the vertical line joining a and c, the wheel will turn over, and 
assume such a position as to bring the center of gravitj* immediately beneath 
the point of support, as in the second case. 

Upon what 92. The stability of a body, therefore, de- 

bSitjoflbSdJ pendsupon the manner in which it is sup- 
dependf ported, or in other words, upon the position 

of its center of gravity. 

wiukt are ttia " 93. As a body may be supported in three 
^of^^I positions, we have, as a consequence, three 
briumf conditions of equilibrium, viz., Indifferent, 

Stable, and Unstable EquilibriuuL 

What u I dif Indiffebbkt Eqxtilibbixtic oocutb whcn a body is supported 

fereot Equilil Upon its center of gravity ; fbr then it remains at rest indiffer- 
briamf ^jj^jy Jq every position. 

Stable Equilibriuk occurs when the point of support is 
^lUbrUmf* »^^® *^ ^^^^ of gravity. If a body be moved from this 
position, it swings backward and forward for a tune, and 
finally returns to its original situation. 

What is Un- UNSTABLE EQUILIBRIUM occuTS when the point of support is 
■table EqoUi- beneath the center of gravity. The tendency of the center of 
hrium f gravity in such cases is to change^ and take the lowest situation 

the support of the body will allow. 

94. The principle that when a body is suspended freely, it 
deterrah? the ^^^ ^^^ ^^ center of gravity in a vertical line, immediately 
J^J«' ®£JP|*^ below the point of support, has been taken advantage of to 
bodiei?^^ determine experimentally the position of the center of gravity, 
in irregular shapea bodies. Suppose we suspend, as in Fig. 
15, an irregular piece of board by means of cord. A plumb-line let fall from 
-. - g the point of support, or the prolongation of the cord, will 

pass through the center of gravity, G. If we now attach 
the cord to another point, and suspend the body anew, the 
prolongation of the cord in this instance, also, vrill pass 
through the center of gravity, G. The intersection of 
these two lines will be the center of gravity, and the 
board, if suspended by a cord attached to this point, will 
I hang evenly balanced. 

95. A line which connects the center of 
I gravity of a body with the center of the 
earth, or, in other words, a line drawn from 
the center of gravity perpendicularly downward, is called 
the Link of Direction. It is called the Line of Direction, 
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J^,^ tte because when a solid body falls, its center of 

Line ox Direc- , ■% • ^» •• 

tfont gravity moves along tnis line nntil it reaches 

the ground. When bodies are supported upon a basis, 
their stability depends on the position of their Line of 
Direction. 

96. If the line of direction falls within the 
base upon which the body stands, the body 
remains supported ; but if it falls without the 
base, the body overturns. 

TiQ. le. Fio. lY. 



Wbfin win a 
body Btand, 
andwiien wQl 
UlUlf 





ThuSi in Fig. 16, the line directed verticallj from the center of gravity, G^ 
falls within the base of thebodj, and it remains standing; but in Fig. It a 
similar line &Us without the base, and the body, consequently, can not bo 
maintained in an upright position, and must falL 

A wall, or tower stands securelj, so long as the perpendicular line drawn 

through its center of gravity falls 



Fig. 18. 




within its base. The celebrated 
leaning-tower of Pisa^ 315 feet high, 
which indines 12 feet from a per- 
fectly upright position, is an example 
of this principle. For instance, the 
line in Fig. 18, filing fiY)m the top 
of the tower to the ground, and 
passing through the center of gravity', 
^ fidls within the base, and the tower 
^i^ stands securely. I? however, an 
A^^ attempt had been made to build the 
tower a little higher, so that the per- 
pendicular line passing through the 
center of gravity, would have fallen 
beyond the base, the structure could 
no longer have supported itsel£ 

97. The broader, or lai^er 
3 



m. 
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thB baae of a body, and the nearer its principal mass is to 
the base, or, in other words, the bwer its cen- 
ter of gravity is, the firmer it will stand. 

A pyramid, for this reason, is the finnest of all structures. 
The base upon which the human body rests^ or is supported, 
is the two feet and the space included between them. The 
advantage of turning out the toes when we walk is, that it 
increases the breadth of the base sopportiB^ the body, and 
enables us to stand more securely. 
In every movement of the body, a man adjusts his position unconsciously, 
in such a way as to support the center of gravity, and cause tiie line of di- 
rection to &11 within the base. 

Why does a j^ person carrying a load upon his back, bends fi»ward in 
order to bring the center of gravity and hia load over his 
feet 



When wiB a 
hodj stand 
mofitflnnly? 



What is the 
advantage of 
turning out the 
toes in walk- 
ing! 



person carry- 
ing a load up- 
on his hade 
bend oyer? 



Fia. 19. 



TiGL 20. 





Why does a 
person lean for- 
-ward in asoend- 
iiig a hUI, and 
backward in 
descenditig? 

'^Vliy is a high 
carriage more 
liable to over- 
turn tlian a low 
onef 



7ia21« 



If he carried the load in the porftion of A, 1%. 19, he would be liable to 
M backward, as the direction of ttie center of gravity would &U beyond his 
heels ; to bring the center of gravity over his feet, he assumes the position 
indicated by B, Fig. 20. 

For the same reason, when, a 
man ascends a hill he leans fbr^ 
ward, and when he descends he 
leans backward. See Fig. 21. 

A high carriage is much more- 
liable to be overset by an irregu- 
larity in the road than a low one ; 
because tiie center of gravity being 
high, the line of direction is easily 
thrown without the base. This 
will ^pear evident from the following illustration, Kg. 22. 
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FlO. 23. 



Let A represent a ooach standing on a level ; B, a cart loaded with stones 
on s slope ; Cj a wagon loaded witli hay on a slope ; a a a the centeis of 
gravity; a 5, line of direction ; c d, base. 

Here it is obvious that the hay- wagon must upseti because the line of di- 
recti<»i fiUls without the base ; that the ooach is vexy secure^ because the line- 
of direction &Us finr within the base; and the stone-cart^ though the center 
of gravity is low down, is not very secure, because the line of direction &Il8 
very near the outside of the base. 

The effect on tiie stability of a body occa- 
sioned by pladng its center of gravity in a very 
low position, is shown in an amusing toy for 
children, represented by ¥ig. 23. The horse, 
with his rider, is firmly 8£q[>p<»rted on his hind 
feet, because^ by means of a leaden ball attached 
to the bent wire, the center of gravity is brought 
below the point of support 
When iHD • If a body be placed on an in- 
body slide and dined surface, it will slide down 
when roU down ^jjen its line of direction falls 
within the base ; but it will roU 
Pia 24. down when it fiills with- 

out the base. Thus the 

body, e, Hg. 24, having its line oi direction e a, with- 
in th^^base, will slide down the indmed sur&ce, c d; 
but i^Shoiij h Of will roll down, since its Hne of di- 
rection, h a, fells without the base. 
d ^ 



aaU^? 







PRACTICAL QUESTIONS ON THE CBNTEB OF GBAVITT. 

1. Why does a person in rising ftom a chair bend forward f 

When a person is sittmg, the center of gravity is supported by the seai; 
in an erect poation, the center of gravity is supported by the fed; therefore, 
before riaing it is necessary to change the center of gravity, and, by bending 
forward, we transfer it from the chwr to a point over the fbet 
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2. Why if • tartta plaeed on ita back mialile to more f 

Because the center of gravitj of the turtle iBfin Oiia potfUotif at Ihe htpesi 
pointy and the animal ia unable to change it ; therefore it is oU^ed to remain 
at rest 

3. Why do very fat pooplo throtr tede their hmA ond iboiiMen wfien UlujwtSkf 

In order that they may eSectoaUy keep the center of gravity of the body 
over the base formed by the soles of the feet 

4. Why can not a vwo, fftaading with his heels dose to apo^pendtodu'wall, bendov<er 
mffidentlj to pick up any ol)E)eefc that lies before him oa the ground, vithoat fUUng? 

Because the wall prevents him from throwing part of hia body badcward, 
io counterbalance ihe head and arms that must project forward. 

5. What is the reason that persons iralking arm-in-arm shake aadJotSeeaeh other, 
vttloss they make the movements of their feet to correspond, as soldiers do in marching f 

When we walk at a moderate rate, the center of gravity comes alternately 
over the right and over the left loot The body advances, therefore, in a wav' 
ing line ; and unless two persons walking together keep step, the waving mo- 
tion of the two &,Ua to coincide. 

6. In what does the art of balancing or walking upon a rope consist f 

In keeping the center of gravity in a line over the base upon which the 
body rests. 

7. Why is it a very diffleolt tUng lor chUdrea to learn to walk f 

In consequence of the natural upright postion of the human body, it is 
constantly necessary to employ some exertion to keep our balance, or to pre- 
vent ourselves from fiilling, when we place one foot before the other. Chil- 
dren, after they acquire strength to stand, are obliged to acquire this knowl- 
edge of preserving the balance by experience. When the art is once ac- 
quired, the necessary actions are performed involuntarily. 

8. Why do yonng qnadrnpeds learn to walk mach sooner than diOdren f 
Because a body is tottering in proportion to its great aUUude and narrow 

lose, A child has a body thus constituted, and learns to walk but slowly be- 
cause of this difficulty (perhaps in ten or twelve months), while the young of 
quadrupeds, having a hroad supporting hase^ are able to stand and move about 
almost Immediately. 

9. Are all the limbs of a tall tree arranged In snch a manner, that the line directed 
from the center of gravity is caused to £biU within the base of the tree 1 

Nature causes the various limbs to shoot out and grow from the sides 
with as much exactness, in respect of keeping the center of gravity within 
the base, as though they had been all arranged artificially. Each limb grows, 
in respect to all the others, in such a manner as to preserve a due balance be- 
tween the whole. 
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rio. 25. 



SFFECT8 or Q&AYITT AS JOSPLLTSD BT TALUXa BODIUL 

whatisaver- 98. When an unsupported body falls, its 
ticaiiiB«r motion will be in a straight line toward the 
center of the earth. This line is called a Ybbtical 
Line. 

What !• a 99- If * ^^7 ^ suspended by a thread, the 

Plumb Una? thread will always assume a vertical direction, 
or it win represent that path in which the body would 
have fallen. A weight thus suspended by 
a thread, is called a Plumb-Link,* Fig. 25, 
and is used by carpenters, masons, etc., to 
ascertain by comparison, whether their work 
stands in a yertical or perpendicular position. 
What ia a 100. A plumb-liue is always 

Lerei surftfief perpendicular to the surface of 
water at rest. The position of such a sur- 
face we call Level. 

No two plumb-Unes upon the earth^s surface will be 
parallel, but will incline toward eadi other, since no two 
bodies from different points can approach the center of a 
sphere in a parallel direction. If tiieir distance apart be 
one mQe, this inclination will amount to one minute, Fia. 26. 
and if it be sixty miles, to one degree. In Pig. 26, . ^B 
let E E be a portion of the earth's surfece, and D its ^* / 

center ; the bodies A, B, and 0, when allowed to \ / 

drop, will fall in the direction A D, B D, and D. \^^ ^/ 

wiuaiibodiea, 101. As the attractiou of i"^ /^^ 

SS^SJeofSri": the earth acts equally and \ / 
irtth'2^/^ independently on all the \ / 

to«itieat particles composing a body, \ / 

it is clear that they must all fall with ^ 

equal velocities. It makes no diflference whether the sev- 
eral particles fall singly, or whether they fall compacted 
together, in the form of a large or a small body. 

« Pittinb line, so caUod from the Utia vord jiltmbum, teftd, the weight usaaUjat- 
toebed to the ftring. 
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If ten or a hundred leftden balls be disengaged together, they will &U in 
the same time, and if they be molded mto one ball of great magnitade^ it 
will still &U in the same manner. 

102. Hence all bodies under the influence of gravity 
alone^ must fall with, equal velocities.'^ 

^ There are some ^miliar facts which seem Fi0. 27. 
periment eira to be opposed to this law. When we let go 
jou^rore tldi ^ feather and a mass <^ lead, the one floats 
in the air, and the other &Us to the ground yeiy 
rapidly. But in this case^ the operation of gravity Is modified 
by the resistance of the air; the feather floats because the 
air is heavier than it, and it can not overcome the lesistaooe 
offered. But if we place a mass of lead and a feather in a 
vessel exhausted of air, and liberate them at the same lame^ 
they wUl &U in equal periods. The experiment is easily 
shown by takmg a glass tube, Hg. 27, dosed at (me end, and 
supplied with an air-tight cap and screw-cock at the other* 
A feather and a piece of metal are previously inclosed in the 
tube. The tube bdng filled with air, and inverted, the metal 
wiU &I1 with greater speed than the feather, as might be ex- 
pected. If the tube be now exhausted of air by means of 
an air-pump and the screw-cock, and in this condition in* 
verted, the feather and the metal will fell ftom end to end 
of the tube with equal velocity. 

103. If a man leap fitnn a diair or table^ 
he will strike the ground without injury. If 
the same man leap firom the top cf a high 
house, he will i»x>bably be killed. These^ 
and many Hke instances, prove that ^e fefoe 
with which a felling body strikes the ground depends upon 
the height firom which it fells. But the force depends on 
the velocity of the body the moment it touches the ground; 
therefore^ tiie velocity with which a body fells depends also 
upon the height from which it descends. 

* Prerfoaft to fke time of GaUleo, the pUlosophen maintained that fho veloeit7 of a 
falling body wu in proportion to ita weight, and Chat If two hediea of tineqiial weii^ta, 
were let foU from an elevation, at the same moment, the heavier wonld reneh the gronnd 
aa mnch sooner than the lighter, aa its weight exeeeded it. In other words, a body weigh, 
ing two pounds wonld fall in half the time that wonld be reqnhred by a body w^hing ooo 
pound. Galileo, en the contrary, asserted that the velocity of a fallhig body is not aifected 
by its weight, and not afleeted by it The flispnte running high, and the opinion of the 
pubUe being genendiy everse to the yiews of Galileo, he challenged his opponents to test 
the matter by a public experiment The challenge was accepted, and the celebrated leaning- 
tower of Pisa agreed upon as tiie plaoe of triaL In the presence of a laxge conoonr^ two 
balls were selected, one having exactly twice the weight of the other. The two wen then 
dropped from the summit of the tower at the same moment, and. In exact aooocdaaoe 
with the assertiomi of Galileo, they both stmek thegronnd at the same instant 
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How d9M 104. When a body fills, it is attracted hf grayitj dming 

TS^^lMji *^® "^^^^ *^® ^^ ^^ fSftfling. Gravity does not merely set 
the body in motion and then oeaae, but it oontinnea to act 
During the first aeoond of time, the force of grayity will cause the body to 
descend tfaroaigh a certain space. At tiie end of this time^ the body would 
continue ta move, witli the motion it has acquired, without the action of any 
further force, merely on account of its inertia. But gravify continuea to act, 
and will add as much more motion to the filling body during the second 
second of time, as it did during the first second, and as much again during 
the third second, and eo on. 

wiiat is fhe ^^^' ^^lli^ bodies, therefore, descend to 
law of ftniiig the earth with a uniform accelerated motion. 
A body falling from a height wiU fall 16 feet 
in the first second of time,^ three times that distance in 
the sec<md, five times in the third, seven in the fourth, 
the spaces passed over in each second increasing as the 
odd numbers 1, 3, 5, 7, 9, 11, etc. 

H«ir «oM the ^06* ^^^ entire space passed over by a body 
SJS® %Sr^ i^ falling is as the square of the time ; that is, 
g^\^^: in twice the time it will fall through four times 
»•«' the space ; in thrice the time, nine times the 

Bpa,ce.-f 

The time occupied in filling, therefore, being known, the height ftom wluch 
a body fills may be calculated by the following rule : 

^j^ ^ 107. Multiply the square of the number of 

giw^w^n seconds <rf time consumed in fidling, by the 
wMeiia b6dy distancc wMch a bodv will fiiU in one seocmdof 

falls be found? . "^ 

tmie. 

Thufl^a stone is five seconds in &lling firom the top of a predpice ; the square 
of five seeonda is 25; this multiplied by 16, the number of fiet a body will 
fill in one second, gives 400— the height of the precipice. 

Hoir 60 Che 108. As the effect of gravity is to produce a 
ti^^offauto^ uniform accelerated motion, the velocity of a 
'*°*"®' falling body will increase as the time increases. 

* The ipttflM dewribed by fUttng hodHea an here given in nmnd anmbert, ttie fractions 
bein? omitted. Tiie space deteribed hj a faUing t>ody dozing fhe fint aeoond is 16 1-lOth 
feet 

t Thelawt of falling bodies are verf dearly demonstrated by meana of an ingenionspiece 

of philosopMcal apparatus, known as ''Atwood^s Haehine.** A description of this ap- 

parmtnli has been ondtted in this iroik, as any fi>nnal explanation of its prindple of oon- 

^ stroetioii, npariftwi the BUwMna IfawU; U nasatisfcclory, and geaeprily nnintfin i giW to 

thsstndt&k 
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Thus, at the end of two seocrndS) the yelocitf acquired bj a fidling body 
will be twice as great as attlie end of one second, tbzice as great at the end 
of the third seeond, and so on. 

Hovai-eiwfflei 1^9. BodicB piojected directly upward^ "mil 
TOdMuen«Sd ^ influenced by gravitation in their ascent, as 
lorgravityi ^^jj ^g jj^ ^jjgjp ^escent, but in a reversed 
order ; producing continually retarded motion while they 
are rising^ and continually increasing motion during their 
fall 

Thus, a body projected up perpendicolarly into the air, if not influenced by 
the resistance of the air, would rise to a height exactly equal to that from 
which it must have &llen to acquire a final velocity the same as it had at 
the first instant of its ascent 

110. To determine the height to which a 
body projected upward will rise, with a given 
velocity, ascertain the height from which a 
body would fall to acquire the same velocity. 
The answer in one case will be the answer in 
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determine the 
btvhicha 
dj prcjeeted 
upward with a 
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wiUatfcend? 



the other. 
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and de8c«Qt 
compare f 



111. The time^ also^ which the ascending 
body would require to attain its greatest 
height, would be just equal to the time it 
would require to fkll to the ground from that height. 

The following table exhibits an analysis of the motions of a filling body; 
the spaces passed orer in eadi interval of time of fiiHing, increasing as tho 
odd numbexs 1, 3^ 5^ T^ 9, etc.; the Telooitles acquired at tiie end of each in- 
terval increasing directly as the times; and the whole space passed oyer bemg^ 
as the squares of the times. 
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Where extreme aocoracy is not required, most of the problems connected 
with the descent of Ming bodies^ may be worked with great readiness— 16 
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feo^ the space passed tiirotigh b^ a ftDing bodjr in one eeecmd, being taken 
as tiie common multiple of distances and Telocities. 

Thus, to ascertain the height from which a body wookl ftJl in 6 seconds, 
take in the fourth column of tiie table the number opposite 5 seconds, which 
is 25, and multiply it by 16; the product, 400, will be the height required. 
Problems of this character may also be woriced by the rule giyen (§ 107). 

In the same man^r, if it be required to determine the apace a fiilling body 
would descehd through in any particular second of its motion, as, for exam- 
ple, the 5th second, we take in the second column of the table the number 
opposite five seconds, which is 9, and multiply it by 16 ; the product, 144, is 
the space required. 

In like manner, if it be required to determine with what velocity a body 
would strike the ground after fiUhng during an interval of 5 seconds, we take 
the nimiber in the third column of the table opposite 5 seconds, which we 
find to be 10, and multiply this by 16. The product, 160 feet, will be the 
velocity required; and a body thus falling for 5 seconds would have^ when 
it strikes the ground^ a velodly of 160 feet 

What irra be ^^^' ^^ ^ ^^7y iDfitead of falling perpen- 
^b^d^'llui? dicularly, be made to roll down an inclined 
down »n In. plane, free from friction, the velocity acquired 
at the termination of its descent, will be equal 
to that it would acquire in falling through the perpen* 
dicular height of the inclined plane. 

FiQ. 28. Thus, the velocity acquired in rolling down the whole 

length of A B, Fig. 28, is equal to that it would acquire 
by &lling down the perpendicular height A GL 

113. The great Italian philosopher GkUileo, during the 
^^ early pert of the IVth century, had his attention directed, 
while in a church at Florence, to the swinging of the 
chandeliers sui^nded from the lofly ceiling. He noticed that when they 
How, and by ^^^ moved from their natural position by any disturbing 
whom was the cause, they swung backward and forward in a curve, for a 
©^wrod ? ^*** ^®°? *"»®» ^^ ^tl» great uniformity, rising and fellmg alter- 
nately in oppoate directions. His inquiry into the cause of 
thes3 motions led to the inventbn of the pendulum, the theory of which may 
bo explained as folfows : 

Evpiaia tfte ^^*" "^ bodies will have their motion as much accelerated 

theory of the whilst descending a curve, as retarded whilst ascending. Let 
pendulum, c A B be a curve, Fig. 29. If a ^ .^ 

ball be placed at 0, the attraction of gravitation ' 

will cause it to descend to A, and in so doing it 
wai acquire velocity suffldent to carry it to B, 
all opposing obstacles being removed, such as 
friction and resistance of the air. Gravitation 

8* 
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will onoe more bring it down to A; it will then riae again to C, and 00 con- 
tmue to oscillate backward and forward. 

If we now suspend the ball hj a string, or 
wire, in sQch a manner that it will swing 
freely, its motiona will be the same as that 
of the ball rolling upon the carve. A bodj 
thus sQS^nded is called a PsNDXiLUir. In 
Fig. 30, D C, the part of the circle through 
which the pendulum moves, is called its arc^ 
and the whole movement of the ball from D 
to C is called an asciHaiion, 

llS.Thetimesofthe 
vibrations of a pen- 
dulum, are very nearly 
equal, whether it 

moves much or little ; or, in 

other words, through a greater, or less part of its arc. 

lain the ^® reafion that a large vibration is performed in the 

tSm^ot tiiia tone as a small one, or, in other wcffds, tiie reason the pendo- 
^^' lum always moves faster in proportioii as Its journey is longer, 

is, that in proportion as the arc described is more extended, the ste^>er are 
the declivities through which it &lls, and the more its motion is accelerated. 
Thus, if a pendulum. Fig. 30, begins its motion at D, the accelerating force is 
twice as great as when it is set free at h ; and if we take two pendulums of 
equal lengths, and liberate one at D and another at h at the same time, they 
will arrive at &e same moment at S. 

116. This ranarkable property of the pendulum enables ns 
to employ it as a regi^er, or keeper of time. A pendulum of 
invariable length, and in the same location, will always make 
the same number of oBoillatioBS in the same time. Thus, if 
we arrange it so that It vnH oscillate once in a second, sixty 
of these oscillations will mark the lapse of a minute, imd 3,600 an hour. 

A common clock is, therefore, merely an arrangement for 
mm? do^*?™' re^stering tbe number of oscillations whidi a pendulum 
makes, and at the same time of communicating to the pendu- 
lum, by means of a weight, an amount of motion sufficient to make up for 
what it is continually losing by friofcion on its points of support, and by the 
resistance of the air. 

The wheels of the clock turn round by the action of the weight, but they 
are so connected with the pendulum, that witb evet7t)8ctllation a angle tooth 
of the last wheel is allowed to pass. If, now, this wheel has axty teeth, as 
is common in docks, it will turn round once for every sixty vibrations. And, 
if the axis of this wheel project through the dial-plate or &ce of a dook, with 
a hand fastened on it, this hand will be the second hand of the clode. The 
other wheels are so connected with the first, and the number of teeth so pro- 
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portioned, that the second one tarns sixty times slower thaa the fint^ and 
this will be the minute hand; a third wheel movfaig twelve timea dower than 
tiie last will constitute the hour hand. 

Hoir does a A watch differs fix)m a dodc in having a wJra«B^ «ft«rf in- 
watch differ Stead of 8k vibraiing peTidttbim. This wheel, called the Mniee- 
fifom » doekr |^^ -^ moTod by a spring^ which is always forcing it to a 
middle position of rest, but does not fix it there, because the velocity ac- 
YiQ, 31. quired during its approach ftom 

n either side to the middle position, 

carries it jost as fiir past on the 
other side, and the spring has to 
begin its work again. The (o^ 
ance^heel at each vibration allows 
one iooih of the adjoining wheel to 
pasa^ aa the pendulum does in a dock^ and the record of the beats is pre- 
served by the wheels which follow, as already explained for the dock. 

Fig. 31 represents the arrangement used to keep up the motion in a watdL 
The baird, or wheel A, incloses a spring, which, when compressed by wind- 
ing up, tends to liberate itself or unwind, in virtue of its elastidty. This 
eflbrt to unwind, turns the barrd upon its axis, and thuS) by means of a ^ImA^ 
coiled round it^ motion is communicated to the other wheels of the watch. 

117. The length of a pendulum influences 
the time of its vibration ; the longer the pen- 
dulum the slower are its vibrations. 

The reason why long pendulums vibrate more dowly than 
short ones is, that hi corresponding arcs, or patha^ the ball of 
the long penduhmi has a greater journey to perform, without having a steeper 
line of descent 

Whrt !fl Om ^^^' ^^^ **^® * pendulum rod, Hg. 32, A D, hai^ balls 

eenter of ofleS- upon it at G and D, and cause it to vibrate, the ball, B, being 
SSmi*?* **"' neax&p to the pomt of suspension, wiU tend toperfonn 
its oscillations more quickly than the ball C. In like 
manner, eveiy other point on the pendulum rod tends to complete its 
oscillations m a different time ; but as they are all connected together 
inflexibly, all are compelled to perfimn their oscillations in the same 
time* But the action of the portions of the rod near to the ball, B, 
is to aooderate the motion of the pendulum, and the action of the 
portions of the rod near to the ball C, is to retard it; therefore apoint 
may be found where all these counteractions will balance oub an- 
-ether, or be neutraBzed, and this point is termed the Gemteb of Os- 
dUAnoK, and tho sum of the inoraenta of all the portions of the c0 
rod on eadi side of this point win be equsL The center of oscillation 
does not correspond with the center of gravity, but is always a little 
bdow it; the practical method of bringing them near togetiier, is to 
make the rod Ught^ and the temunation of the pendulum heavy. ^^ 
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119. As heat expands, and cold contracts 
all metals, a pendulum rod is longer in warm 
than in cold weather ; hence, clocks gain time 

in winter, and lose in the summer. 

As the smallest change in the length of a 
pendolom alters the rate of a clock, it is highly 
important, for the maintaining of uniform time, 
that the expansion and contraction of pendu- 
lums, caused by changes in temperature, 
should be counteracted. For this purpose various contriv- 
ances have been employed. The one most commonly em^ 
ployed at the present time is the mercurial pendulum, which 
is constructed as follows : The pendulum rod, A B, Fig. 33, 
supports a glass jar, Ot H, containing mercury, inclosed in a 
steel frame- work, F C D E. When the weatiier is warm, the 
Fio. 34. ^^^ ^^ ^^^ frame- work expand, and thus in- 
crease the length of the pendulum, and de- 
press the center of oscillation. But, at the 
same time, the mercury contained in the jar also 
expands, and rises upward; and thus, by a 
proper adjustment, the center of oscillation is 
carried as far upward in one direction, as down- 
ward in the opposite durectk>n, or the expansion 
in both directions is equal, and the vibrations 
of the pendulum remain unaltered. Another form of pendu- 
lum, called the "gridiron pendulum," Fig. 34, is composed of 
rods of different metals, which expand unequally under the same 
changes of temperature, and, by counteraction, keep the length 
<^ the pendulum constant 

120. As the force of gravity determines how 
long the pendulum shall be in falling down its 
arc, and the time also of its rising in the op- 
posite direction (since the ball of the pendu- 
lum, as already stated, may be considered as a body de- 
scending by its weight on a slope), it follows, that the time 
of vibration of a pendulum will vary as the attraction of 
gravity varies. 

The same pendulum will vibrate more slowly at the eqna* 
tor than at the pedes, because tiie attraction of gravitation is 
less powerfhl at the equator. Therefore a pendulum to vi- 
brate once in a second, must be shorter at the equator than 
at the poles. Corresponding results take i^ace when a pen- 
dulum is carried to a mountain-top, away from the center of the earth, which 
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Is the cenier of ftttractiozi, or when carriod to the bottom of m nuney where 
it is attracted both hy matter above it and below it 

What Is the l^l- ^^® length of a pendulam that will 
on"d?^'*Ji3Sl describe sixty oscillations in a minute, each 
^^^^ oscillation having the duration of a second, 

I^, in tho latitude of Greenwich, England, 39.1893 inches 
in length ; one to vibrate in half seconds must measure 
9.7848, or rather more than 9i inches. 

At the pole it would require to be somewhat longer ; at the equator some- 
what shorter. A. pendulum that vibrated aeoonda at Paris, was foood to re- 
quiro lengthening .09 of an inch in order to perfonn its vibrations in the samo 
time at Spitzbeigen. 

How may the 122. The Icugth of a pendulum vibrating 
J^'^n'd^ seconds being always invariable at the same 
L°rt^di??Sf place, since the attraction under the same 
measure f circumstanccs is always the same, it may bo 
used as a standard of measure. 

This application has already been described underthe section Weight (§ 67). 

The duration of the oscillation of a pendulum is not affected by altering the 
wdght of tiie ball, since all bodies moving over the same space, under the 
influence of gravitation, acquire equal velocities. 

How do the 123. The lengths of different pendulums, 
dSSSlJibSl vibrating in unequal times, are to each other 
^^^^f as the squares of the times of their vibration. 

Thus a pendulum, to vibrate once m two seconds, must 
have four times the length of one that vibrates once in one second ; to vibrato 
once in three seconds, it must have nme times the length, etc.— the duration 
of the osdllation being as the whole numbers^ 

1, 2, 3, 4, 6, 6, T, 8, 9. 
The length of the pendulum will be as their squares. 

1, 4, 9, 16, 26, 36, 49, 64, 81. 
A pendulum, therefore, that will vibrate once in nine seconds, must have 
a length of 81 feet 

PRACTICAL PROBLEMS ON THE THEORY OF PALLING 

BODIES. 

.1. AstoneletlUlAromllietivofatoirarslnisk ttw «rth ia two iMonds ; hov Ugb 

vas the tover ? 

a. Hoir far win a l)odr aeted upon hy g»vi^ AlvnA* ^•U ^ ^B*' "'^'^■^ ' 
3. Hoirdeepi8air«U,intovhidi a itona beiiig dropped, nadiea the forllMe of the 
water in two Moonda, tba depth of the watarln tba weU being ton fettt 
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4. tf a bofly Ibe projected flowmrard with a relodty of twenty-two feet is tbe tint wo- 
ond of time, how fur wUl it fall lb eight netede f 
Thezanlt^le la thii ease will be the dietanee faUen through In Om ilrat fecond. 
6. What apace will a body pass through in the fourth second of Its time of fUU^gf 

6. A body falls to the ground in eight seconds; how Urge a space did It pass orer dtcr- 
tng Oie last second of Its descent? 

7. Abody fidH from a height in dgfat «eeends; with what Teloeity did tt attilBe fhe 

ground? 

8. A cannon-ball fired upward, continued to rise for nine seconds; what was its velocity 
during the first second, or with wliat foree was it projected? 

9. Suppose a bullet fired upward ftrom a gnfi returned to the earth in sixteen aeconda; 
how high did it ascend? 

The time occupied In ascending and descending being equal, the body rose to such a 
height that it required eight seconds to descend from it. The square of 8=64. This 
multiplied by the space it woold laU la the first second, 16 feet == OSifeet. 

10. A bird wae shot while fiying in the air, and fell to the ground in thne seconds. 
How high up was the btrd when it was shot ? 

U. What must be the length of a pendulum to vibrate once In seven seconds ? 

12, If I3ie length of a pendulum to vibrate seconds at Washington Is 89.101 Inehas, how 
long must it be to vibrate half seconds ? How long to vibrate quarter seooads ? 



CHAPTER V. 

MOTION. 
What It Mo- 124. Motion is the act of changing place. 

tion? If no motion existed, the Tinirerae would bo dead Hiero 

would be BO altenifitioa of the seasons, and of day and night ; &o fiow of 
water, or change of air; no sound, light, heat, or animal exLstonce^ 

125. Motion is Absolute or Belative. 
eoiuto and Bell ABSOLUTE MoTiON is 8 change of position in 

ative Motion? ., - •xi_ . /• j. 

space, considered without reference to any 
other body. Relative Motion is motion considered in 
relation to some other body, which is either in motion or 
at rest. 

Thus ibe motiona of the planets in space are examplea of Absolute Motion, 
but the motiim of a man sitting upon the deck of a yessel, while sailing, is 
an example of Relative Motion, since he is in motbn as tespeots the land, 
but at rest as regards the parts of the yesseL Best» which is the opposfte 
of motion, so fiy* as we know, essts only relatively. We say a body on the 
Bur&ce of the earth is ait Test, when it maintains a constant poeitiOn as re- 
gards some other body ; batat tiiesame time Hiat ttH thus at rait^ it partalces 
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of the fflotioii of the earth, which is always reyolying. We do not, theiefore^ 
really know any body to be in a state of absolute rest 

Define uirt- 126. A moving body may have a Uniform 
rtS« mJuS' ^^ * Vabiablb Motion. Uniform Motion is 
tlie motion of a body moving over equal 
spaces in equal times. Vabiablb Motion is the mo- 
tion of a body moving over unequal spaces in equal 
times. 

wiMi u A«^ 127. When the spaces passed over in equal 
£to£d M<^ times increase^ the body is said to possess Ac- 
^^^ OELERATED MoTiON ; whcu they diminish^ the 

body is said to possess Betabdeb Motion. 

A stone fiilling through the air is an example of Accelerated Motion, aince^ 
acted npon by the force of gravity, its rate of motion constantly increases; 
tdiile the ascrat of a stone projected from the hand, is an example of Be- 
tarded Motion, its upward motion continually decreasing. 

whAt iftPower 128. When a body commences to move from 
JSj^t ^*"*^ a state of rest, we assign some force as the 
cause of its motion ; and a force acting in such 
a manner ba to produce motion, is generally termed 
'' PowBB.^' On the contrary, a force acting in such a way 
as to retard a moving body, destroy its motion, or drive 
it in a contrary direction, is termed Besistanck« The 
chief forces which tend to retard or destroy the motion of 
a body are Gbatitation, Friction, and Bssistanok of 
THE Air. 

What u ve- 129. Thc spccd, or rate, at which a body 
^*^' moves, is termed its Velocity. 

Moving boSes pass over their paths with different degrees of speed ; one 
may pass, through ten &et in a second of time, and another through a hun- 
dred feet in the same period. We say, therefore^ that they have different 
velocities. 

The velocity of a moving body is estimated by the time it occupies in 
moving over a given space, or by the i^aoe passed over in a given time. The 
less the tfane a»d the greater the qmoo moved over in that timfi^ the greater 
the velodty. 

Hoir «« we 130. To ascertain the Vblocitt of a mov- 
vd^S? orS i^ ^>^y> divide the space passed over by the 
■»▼*«« ^»*7' time ccmsumed in moving over it. 
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Thufl, if a body mores 10 miles in 2 houta, Its velodfy is fiMmd hy di- 
vidibg the space, 10, bj the time, 2 ; the answer, 5, gives the velocitj per 
hour. 

How cftQ we 131, To ascertain the Spacb passed over by 
J^'*'5.,^5 a moving body, mnltiply the velocity by the 

over by a body ^[jj^q 
Inmotioa? vx^i^v.. 

Thus, if the velocity be 10 miles per hour, and the time 15 

hours, the space will be 10 multiplied by 15, or 150 miles. 

How is the 132. To ascertain the Time employed by a 

hy^ ^y *te l^y ^^ motion, divide the space passed over 



StoS?*^'' by the velocity. 

Thus, if the space passed over be 150 miles, and the ve- 
locity 10 miles per hour, the whole time employed will be 150 divided by 
10=15 hours. 

What is Mo. 133. The Momentum of a body is its quan- 
meatam? ^j^y ^f motion. Momcntum expresses the 
force with which one body in motion would strike against 
another. 

That a mass of matter moving in any manner exerts a cer- 
'liojSnltom.^' **"^ ^^^"^ against any object with which it may come in con- 
tact, is a principle of Natural Philosophy which ezperience 
teaches us most frequently and most readily. The child has hardly emerged 
from the nurse^s arms, before it becomes conscious of the force with which 
it would strike the ground if it felL We take advantage of momentum, or 
the force of a moving body, in almost all mechanical operations. The mov- 
ing mass of a hammer-head drives or forces in the nail, shapes the iron, breaks 
the stone ; the force of a moving mass of water gives strength to a torrenir 
and turns the wheel ; the force of a moving mass of air gives strength to the 
wind, carries the ship over the ocean, forces round the arms of a wind-mill. 

Is motion im. 134. When a body is caused to move, the 
SS'^'Vrtfcies naotion is not imparted simultaneously to 
the*J^^i5- ®v®7 particle of the body, but at first only to 
Btant? the particles which are directly exposed to the 

influence of the force — ^for instance, of a blow. From 
these particles, it spreads to the rest. 

How can you '^ ti^hi blow is sufficient to smash a whole pane of glass, 
illustrate this while a bullet firom a gun will only make a small round hole 
^^^^ in it, because, in the latter case, the particles of glass that re- 

ceive the blow are torn away from the remainder with such rapidity, that the 
motion imparted to them has no time to spread further. A door standing open, 
which would readily yield on its hinges to a gentle push, is not moved by a 
cannon-ball pasamg through it The baU, in passing through, overcomes the 
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whole force of oohesiim tmong the atoms of wood, hut its ibroe acts Ibr ao 
short a time^ owing to its rapid passage, that it is not soffident to affect the 
inertia of the door to an extent to produce motion. The cohesion of the part 
of the wood cut out bj the bell would have borne a verj great weight laid 
quietlj upon It; but supposing the ball to flj at the rate of 1200 ibet in a 
second, and the door to be one inch thick, the cohesion being allowed to act 
ibr only the minute fraction of a second, its influence is not perceived. 

It is an effect of this same principle, that the iron head of a hammer maj be 
driven down on its wooden handle, by striking the opposite end of the 
handle against any hard substance with force and speed. In this very ample 
operation, the motioa is propagated so suddenly through the wood of the han- 
dle, that it is over before it can reach the iron head, which therefore, by ita 
own weight, sinks lower on the handle at eveiy blow, which drives the han- 
dle up. 

HcnrisibeMo. 135. The MOMENTUM, 01 forco, ^hich a mov- 
SS?°"c5teu- ^^S ^^y exerts, is estimated by multiplying 
*»*•**' its weight by its velocity. 

Thus, a body weighing 10 pounds^ and moving with a velod^ of 600 feet 
hi a second, will have a momentum of (10 x 500) 5,000. 

,^ ^ 136. The velocity being the same, the mo- 

What eonnee- .«° « ,,' .<«, 

tfoti is there mentum, or moving force of a body, will be 

between the _. ,, ^ *. x ^ ^v • i_^ 

Momentam of dircctly proportionate to the mass, or weight : 

A body and its , ^, *^ • -i ^ • • xi. 

veighttndre. aud the mass or weight lemammg the same^ - 
^ the momentum will be directly proportionate 

to the velocity. 

Thus, if 2 leaden htJSa, each of 5 pounds' weight, move with a velocity of 
5 miles per nunute, the momentum, or striking force of each, will be 25 ; 
if now the two ballsy molded into one of 10 pounds' weight, move with the 
same velocity of 5 miles per minute, the momentum, or striking force, will 
be 50, since vnth the same velodty the mass, or weight, will be doubled. I^ 
op the contiaiy, we double the v^odty, aHowmg the weight to remain the 
same, the same effect will be produced ; a ball of 5 pounds, with a velocity 
of 5, will have a momentum, or striking force, of 26 ; but a ball of 5, with a 
velocity of 10, will have a momentum of 50. 

Roir eui a 137. A Small, or light body, may be made 

SStL^LSe *o strike with a greater force than a heavier 

Jj^«jj^ *• body, by giving to the small body a sufficient 

iM^ one ? velocity. 

niustradons of these principles are most &miliar. Hail-stonea, of small 
mass and great velocity, strike with sufficient force to break glass, and do- 
stroy standing grain; a ship of huge mass, moving with a scarcely percept- 
ible velocity, erushes in the side of the pier with which it comes in contact 
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SSOTIOl^ I. 
AOTXOK AKD BEAOTXOV. 



What Is meant 



188. When a body comimiBicates motion 
by A^onrad to another hody^ it loses as much of its own 
momentom, or force, as it gives to the other 
body. We apply the term AonoN to designate the power 
which a body in motion has to impart motion, or force, to 
another body ; and the term Bbaction to express the 
power which the body acted upon has of depriving the 
acting body of its force, or motkm. 
What to Urn 139. There is no motion, or action, in the 
£M««dE!f universe without a corresponding and oppo- 
•^«" ' site action of equal amount ; or, in other words. 

Action and Bsaction are always equal and opposed to 
each other. 

Wbat are n. ^ ^ person presaes the fable with hiB finger, he Mb a re- 
initnttona of sistanoe arising fh>m the reaction of the taUe^ and tiiia oouq- 
adSnf*"*''^ ter-preasuro is equal and oontraiy to the downward praosara. 
When a cannon or gon Is fired, the explosion of the powder 
^Huch giyea a forward motion to the ball, girea at the same time a badcward 
motion, of *' recoil,'* to the gun. A man in rowing a boat^ drives the water 
astern with the same force that he impels the boat forward. 

•r^wiMtiitho 1^0- ^^^ quantity of motion in a body is 
mSiOT^ta' a measured by the velocity and the quantity of 
gjg^ppor. matter it contains. 

A cannon-ball of a thousand ounces, movmg one foot per 
second, has the same quantity of motion in it as a musket-ball of one ounce, 
leaving the gun 'v^th a velodity of a thousand feet per second. The momen- 
tum, or quantity Of motion, in the mosket-ball being, however, concentrated 
in a veiy small mass, the effect it will produce will be apparently much 
greater than that of 3ie «annoD-hall, whose motion is diffused through a very 
large mass. This explanation will enable us to understand some phenomena 
which at first appear to contradict the law, that action and reaction are always 
equal, and opposed to each other. 

Thus, when we fire a bullet firom a gun, the gun recoils back with as much 
force as the hullet possesses, proceeding in an opposite direction. The reason 
the effects of the gun are not equally apparent with those of the ball. Is that 
the motion of the gun is diflhsed through a great mass of matter, with & 
BmaQ vdocify, and ia^ therefore^ easily chedced ; bat in the ball the motion 
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!so(«QeotraltedinaTei78maaoompaa8,Tviihftgrert Aganreoofla 

morewitibadiaigeofflneshotiOr BBodythan'witliabiiHet The ezplanatioii 
of this is, that wi1& a ball the velocity Is oommimieated to the whole mass 
ai anee^ but with small shot^ or ssod, the Telodty oommmiicated by the ex- 
plosion I9 ikoMpartid88of(he9tABkmcemmedMstdyine(^^ 
is greater than that reoeired at ihe mum matant by the oufer partkkM; oon- 
sequently, « lu|;er proportion of explosiTe force acts mooMntaiily in an oppo- 
site directioii. 

Fig. 85» 



\ 




We hare an iUnstration of this same pxindple, when we attempt to driyo a 
nail into a boai^ having no support behind it, or not sufficiently thick to offer 
the necessary resistance to the moTing force of the hammer, as is repre- 
sented m Fig. 35. The blows of the hammer wOl cause the board to unduly 
yield, and if strong enough, will break it^ but wiU not drive in the naiL The 
object is attained by apply'mg behind the board, as in Fig. 36, a Uook of wood, 

Fia. 36. 
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or metal, against which the blows of the hammer will be directed. Bj 
adopting this plan, however, no increased resistance is opposed to the blomrs 
of the hammer, the momentmn, or moving force of which is equally imparted 
in both cases ; but in the first case, the momentum is received by the board 
alone, which, having little weight, is driven by it through q6 great a Fpaca 
as to produce considerable flexure, or even fracture ; but in the second caae^ 
the same momentum being shared between the board and the block behind it, 
will produce a flexure of the board as much less as the weight of the board 
and block applied to it together, is greater than the weight of the board alone. 
The same principle serves to explain a trick sometimes exhilnted in 
feats of strength, where a man in a horizontal portion, his l^s and 
shoulders being supported, sustains a heavy anvil upon his chest, which 
is then struck by sledge-hammers. The reason the exhibitor sustains no 
injury from the blows, is that the momentum of the riedge is distributed 
equally through the great mass of the anvil, and gives to the anvil a down- 
ward motion, just as much less than the motion of the sledge, as the mass of 
the sledge is less than the mass of the anvil Thus, if the weight of the an- 
vil be 100 times greater than the weight of the sledge, its downward motion 
upon the body of the exhibitor will be 100 times less than the motion with 
which the sledge strikes it, and the body^of the exhibitcff^ easily yielding to 
so slight a movement, and also resisting it by means of the elasticity of the 
body, derived fh)m its peculiar position, escapes without injury. 

When Is the 141. When two bodies come in contact^ the 
bSlfters^*^ collision is said to be direct, when a right line 
he direct? passing through their centers of gravity passes 
also through the point of contact. 

The center of gravity in such cases corresponds with the center of col- 
lision ; and if such a center come against, an obstacle, the whole momentum 
of the body acts there, and is destroyed ; but if any other part hit, the body 
only loses a portion of its momentum, and revolves round the obstacle as a 
pivot, or center of motion. 

When two m- 142. When two non-elastic bodies, moving 
SSS totoiJS Mi opposite directions, come into direct collision, 
UidoD^whAtoe. they will each lose an equal amount of mo- 
mentum. 

Hence, the momentum of both after contact, will be equal to the difiTerence 
of the momenta of the two before contact, and the velocity after contact will 
be equal to the diflerence of the momenta divided by the whole quantity of 
matter. Let the quantity of matter in A be 2, and its velocity 12 ; its mo- 
mentum is, therefore, 24. Let the quantity of matter in B be 4, its velocity 
3 ; its momentum will be 12. The momentum of the mass after contact, on 
the supposition they move in opposite directions and come in direct col- 
lision, will be the differenoe of the two momenta^ or 12 ; and the velocity of 
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To whAt win 
tha tbodc of 
eollUionortwo 
bodies coming 
in contact Im 
eqoiTalent? 



the mass will be its momentom dhrided by the qmntity of matter, or 12 di- 
vided by 6, which ia 2.* 

If two non-elastic bodies, as A and B, Hg. ST, be suspended ttom a fixed 
pcnnt, and the one be raised toward T, and the other toward X, an equal 
amount, the j will acquixe an equal fiiroe^ or momentum, in filling down the 
x:si»i.tatho>#. arc, provided their masses are equal; 
•aitaofiheool- and will by contact destroy each 
Brion^eiM- ^^^^ j^^^ ^^ ^^^ ^ j^^ 

If their momenta are unequal, they 
will, after contact move on together, in the direotion 
of the body having the largest quantity of motion 
with a mom^itum equal to the difference of the 
momenta of the two before ooUision. 

143. The force of the 
shock produced by two x 11 x 
equal bodies coming in»^^^^^H^^^^ 
contact with equal velocity, ^^«^^?-Hn^ 

will be equal to the force which either, being at rest, would 
sustain, if struck by the other moving with double the 
velocity ; for reaction and action being equal, each of the 
two will sustain as much shock from reaction as from ac- 
tion. 

If a person running, come in contact with another who is 
™pSl&^ standing, both receive a certain shock. If both be running 
at the same rate in opposite directionfl^ the shock is doubled. 
In combats of pugilists, the most severe blows are 
those struck by fist against fist, for the force sustained 
by each in such cases» is equal to the sum of the 
forces exerted by the two arms. If two ships, mov- 
ing in contrary directions at the rate of 20 mUes per 
hour, come in collision, tiie shock will be the same as 
if one of them, being at rest, were struck by the 
other, moving at 40 miles per hour. 

144. If we suspend two balls of ^ 
some non-elastic substance, as day or 
putty, by strings, so that they can 
move finely, and allow one of the 
balls to fill! upon the other at rest, it will communicate to 

it a part of its motion, and both balls, after collision, will move on together. 

* This wbole fnldcet, uniaUy coniidered dry and vointerwttng, will be found to pooen 
a new interest, if the stadent wiU mske himself a few simple experiments, by snspendins 
leaden balls by the side of a graduated are, as in Fig. 87, and allow them to fall nnder 
dlflbrent conations. The length of the are throngh which they CsU wiU be found to be 
I of the force witii whieh they wiU strike. 



FlO. 38. 
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The qiumtity of motion will rexoaJA vmchaaged, the one hurhig gftioad a^ 
much as the other has lost ; so that the two, if equaJ, will have half the to* 
locity after collision that the moving one had when alone. Hg. 38 represents 
two balls of day, E and B, non-elastic^ of equal- wei^^t, suspended by stringa 
If the ball D be raised and let faU against the ball J^ a part of its motion will 
be communicated to E, and both together will move on to e dL 
When two ^^^* ^ ^® suspend two balls, A and B, ¥ig, 39, of some 

eUBtie bodies elastic substance, as ivorv, and allow them to &11 with equal 

come Into col- . , .^. c_ .* • j. ir j -w au 

iision, what 00- masses and velocities aom. the pomts. Z and Y on the arc^ 
they will not come to rest after coUiaioD, but will recede 



Fnsbdd. 



run? 

from each other with the same veloci^ which each 
had before contact 

The reason of this movement in 

SSlNhTdif. ^^7 ®1^« It^es. contrary to 
ference in the what takes place in non-elastic 
SiwV^?* l>odies, i8 this: ^ dastic rob- 
*S^^!di***f' finances are oompcessed by the fixce 
eiastie bodieaf ^ ^^^ ^^^^ ^^ instantly recover- 
ing their former shape in virtue of th^ elasticity, 
they spring back^ as it were, and react, each giving 
to Uie other an impulse equal to the fi>ice whicfa . 
caused its compression. 

Suppose the ball A, however, to strike upon the 
ball B at rest ; then, after impact^ A wUl remain at 

rest, but B will move on with the same velocity as A had at the moment of 
contact In this case the reaction of elasticity causes the ball A to stop^ aad 
the ball B to move forward with the motion which A had at the instant of 
contact 
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The same fict may be illustrated 
by suspending a number of elastic 
balls of equal w^ht^ as represented 
in Fig. 40. If the ball H be drawn 
out a certain distance, and let &Jt 
upon G, the next in order, it will 
communicate its motion to Gr, and 
receive a reaction dt»n it^ whiic^ will 
destroy its own motion. But the 
baU B can not move without moving^ 
ji J c x^ £r Jf" c pj it will, therefore^ oonmiunicate 

the motion it received fix>m G to 19^ and receive from F a reaction whidi ^11 
stop its motion. In like manner, the motion and reaction are received by each 
of the baUs E, D, 0, B, A, until the last ball, K, is reached ; but there t>eing 
no ball beyond K to act upon it» K wfll fiy off aa fiir from A, as H was 
drawn apart from G. 
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BSPLXOTSB MOTZOV. 

-What It B0. 146. When any elastic body^ bb an ivoiy 
fleeted xotumt j,^^ ^ thrown against a hard smooth surface, 
the reaction will cause it to rebound from such surface, 
and the motion it receives is called Beflectsd MoTioy. 

147. If the ball be projected perpendicu- 
larly, it will rebound in this same direction ; 
if it be projected obliquely, it will rebound 

obliquely in an opposite direction, making the angle of 
incidence equal to the angle of refleotioa 

148. The Angle of Incidence is the angle 
formed by the line of direction which the body 
makes with the sur&ce when approaching it. 

149. The Angle of Reflection is the 
an^e formed by the Kne of direction which the 
body makes with the surface in receding or re- 
bounding from it. 

Fig, 41. '^^^ ^ ^' 41» let B B be a onooth, flat 

surfiioe. If the baB, A, be projected, or thrown 
upon this sQi&ce, in the direction A G, it will 
^ reboond, or be reflected, in the direction C F. 
In this case, the line A C is the Hne of inci- 
dence^ and the aofl^ A S^ which it makes 
with the snr&oe^ B E, is the angle of mcidenoe. 
In like manner, the Ihie C F is the fine of re* 
flection, and the angle F E the angle of re- 
flection. If the ban be projected against the surface^ B 0, in the direction 
D C, perpendicular to the sor&ce, it will be reflected, or rebound back in the 
same straight line. 

wbfttpMpor- 150. The Angles of Incidence and Be- 

tim the an. FLECTION are always equal to one another. 

fad ^fl^? ^^ in Fig. 41 , the angles AOBandFGBare equal 

What u an ^^1* ^^ Angle is simply the inclination of 

on^f^dSS *^® ^^s which meet each other in a point, 

iusize depend? rphc sizo of tho augle depends upon the open- 
ingy or inclination^ of the lines, and not upon their length. 
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S«t7^ SSSi ^^ "^"^ ^^^^ player <^ biDiardB and bAsatolle depmds 
of fche(}mia«of Upon hia dexterous applioatioa of the principleB of incident 
BUiisrdar ^q^ reflected motion, which he has learned by long-continiied 

experience, viz., that the angle of incidence is always equal to the angio 
of reflection, and that action and reaction are equal and oontrary. An illus- 
tration of the skUlflil reflection of billiard balls is giyen in Fig. 42, whidi rep- 
resents the top of a billiaid-tabla The ball, P, when strudc by the stack, Q, 

Fie. 42. 




is first directed in the Ihie P 0, upon the ball F, in such a manner, tiiat bdng 
reflected from it, it striices the four sides of the table successively, at the points 
marked O, and is finally reflected so as to strike the third baD, P^'. At each 
of the reflections from the ball F, and the four points on the side of the table^ 
the angle of uicidence is exactly equal to the angle of reflection. 

152. Imperfectly elastic bodies oppose the 
momentum of bodies in motion more perfectly 
than any others, in consequence of their yield- 
ing to the force of collision without reacting ; 
opposing a gradual resistance instead of a sud- 
den one. 

Hence a feather-bed, or a sack of wool, will stop a buUet much more ef- 
fectually than a plate of iron, firom its deadening^ as it is popularly called, tho 
force of the blow. 



Why an im- 
perfectly eUs- 
tietN>diei]ieooo 
lUrly fitted to 
oppoee and de- 
■tcoy 
tumf 



SECTION III. 
OOUPOUKD UOTIOK. 



WliaC Is Sim- 
pie Motion f 



16S. A body acted upon by a single force* 
moves in a straight line^ and in the direction 
of that force. Such motion is designated as Simple Mo- 
tion. 
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fflm '^ ^^^ floating upon the water is driven exactly south by 

pie Motion. a wind blowing south. A ball fired from a cannon takes the 
exact direction of tiie bore of the cannon, or of the force 
which impels it 

What ia Com- l^^. Whcii a bodj is acted upon by two 
pound Motfonf forces at the same time, and in dififerent di- 
rections, as it can not move two ways at once, it takes a 
middle course between the two. Such motion is termed 
Compound Motion. 

, ^ 155. The course in which a body, acted 

What is the _ _ . . t.«. 

course of a upou by two or moro torces, acting m dmerent 
on ^^ t^ directions, will move, is called the Resultant, 
^^ . or the Resulting Durection. 

Pjg^ A^ In Fig. 43, if a body, A, be acted upon 

. at the same time bj two forces, one of 
which would cause it to move in the di- 
I rection A Y, over the space A B, in one 
second of time, and the other cause it to 
move in the direction A X, over the space 
A C, in one second; then the two forces, 
acting upon it at the same instant, will 
cause it to move in a Resultant Direction, 
A D, in one second. This direction is the 
diagonal of a parallelogram, which has for its sides the lines A B, A 0, over 
which the body would move if acted upon by each of the forces separately. 

156. The operations of every-day life afford numerous exam- 
Sr eLSI pies of Resultant Motioa If we attempt to row a boat across 
pies of Resnlt- J^ p^pid river, the boat will be subjected to action of two forces ; 
ant Mo on ^^ ^^^ action of the oars, which tend to drive it across the 

river in a certain time, as ten minutes, in a straight line, as from A to B, Fig, 
43, and the action of the current, which tends to carry it down the stream a 
certam distance in the same time, as fix)m A to C. It will, therefore, under 
the mfluenoe of both these forces, move diagonally across the river, or in the 
direction A D, and arrive at D at the expiration of the ten mmutes. When 
we throw a body from the deck of a boat m motion, or from a raflroad car. 
tiie body partakes of the motion of the boat or the car, and does not strike at 
the point intended, but is carried some distance beyond it For the same rea- 
son, in firing a rifle from the deck of a vessel moving rapidly, at some object 
at rest upon the bank, allowance must be made for the motion of the vessel, 
and aim directed behind the object. 

157. The principles of the composition and 
sden*eeofPro- resolutiou of different forces acting upon a 
jectaes? ^^y ^^ produce motion, constitute the basis 
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of the Science of Pbojectiles, or tbat department of 
Natural PhUosophy wliich considers the motion of bodies, 
thrown or driven by an impelling force above the surface 
of the earth. 

What isa Pro- ^^S. A PROJECTILE is a body thrown into 
jectiie? ^jjQ g^jj, jn j^uy direction ; as a stone from the 
hand^ or a ball from a gun, or cannon. 

Wh t i th dl ^ ^® project a body perpendicularly downward, or xxpwsrd, 

rectioa of a it Will more in a perpendicular line with a uniform accelerated 
^bUoud**?^^^ or retarded motion, since the force of gravity and that of pro- 
jection are in tiie same line of direction. But ifa body is 
thrown in a direction oblique to the perpendicular, it is acted upon by two 
forces,* the projectile force which tends to impel it forward in a straight line, 
and the Ibrce of grayity, which tends to bring it to the earth. Instead, there- 
fore, of following the direction of the projectile force, the path of the body 
will be a curve, the resultant of the two forces. Such a curve is called a 
Pababola. 

If a cannon-ball is fired from A to- 
ward B, Fig. 44, in an upward direction, 
instead of moving along the line A B, 
it is, by the influence of the earth's at- 
traction, continually drawn downward, 
and its path is along a line which is in- 
dicated by the parabolic curve A G; 
and although it has been moving on- 
ward from the impulse it has received 
from the force of the gunpowder, it oc- 
cupies exactly the same time in falling 
to the point G, as if the ball had been allowed to drop Scorn the hand at A, 
and fall to D. 

159. If a ball be projected from the month 
of a cannon in a horizontal direction^ it will 
reach the earth in precisely the same time as 
a ball dropped from the mouth of the gun. The force 
of gravity is neither increased or diminished by the force 
of projection. 

The same &ct may be strikingly illustrated by placing a number of marbles 
at unequal distances from the edge of a table and sweeping them off with a 
ruler, or stick : those which are rolled along the farthest will be projected the 
farthest; yet all will strike the floor at the same time. 

* The body is alio acted upon hy the resistance of the air, which diminishes its velodtj 
without changing its direction. 




What effect has 
the projectile 
force on the 
action of grav- 
ity? 
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WUt is ttie 
Baage of a 
PrqleetUe? 



Fi& 46. Suppose from the point A, 7ig.46, Aboat 240 feet 

above the earth, a ball to be projected hi a perfectlj 
horizontal line, A B ; instead of trayersmg thisline^ 
it would, at the end of the first second, be found 
that the ball had Men 15 feet, at the san\e time it 
had moved onward m the direction of B. Its true 
position would be, therefore, at a; at the end of the 
seoond second, it would have passed onward, but 
have fallen to &, 60 feet below the horizontal line; 
and at the end of the third second, it would have 
fallen 136 feet below the hne, and be at c; and thus 
it would move IbrwBidftdreaeh the earth at d240 fe^ m pKedsdy thei 
time it would have occupied in fiilling from A to C. 

An oblique, or horizontal jet of water, is an 
instance of the curve described hy a body act- 
ed upon by gravity and the force of projection. 
See Hg. 46. 

160. The Rangk of 

a projectile^ is the 

horizontal distance to 
which it can be thrown. 
How e« the ^^^' ^he greatest 
^SSSST Range i» obtained with 

an elevation of 45 de- 
grees ; that is, when the gun is pointed at this angle with 
the horizon, the ball will be thrown to the greatest hori- 
zontal distance. 

This fihct is illustrated in Fig. 47. The 
straight lines represent the gun, and the 
curved lines the paths of the baQs; the 
figures number the degrees of elevation. 
It will be seen that the range, or horizon- 
tal distance to which the ball is propelled, 
is the same, whether the elevation be 20^ 
or 7d«. 

162. The laws of 
projectiles 




Fro. 4T. 



are es*- 



IIow are the 
I,aws of Pro- 
jectiles prscti- 

rfiJmtSJISl pecially regarded in 
ginoeringf ^j^^ ^^ ^f gunncry. 




By knowing the force of the powder which drives the ball, 
the engineer is enabled to direct the cannon, or mortar, 
in such a manner as to cause the ball, or bomb, to fall 
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upon a particular spot in the distance ; thus producing a 
desired effect without a wasteful expenditure of ammuni- 
tion. 

Fia. 48. 




Fig. 48 represents a bombardment, and the three lines indicate the curves 
made by the balls. If the bombardment had been conducted from an eleva- 
tion, instead of the level surface, the balls would have gone beyond the city, 
as shown by the familiar fiict, that we can throw a heavy body to a greater 
distance from an elevation, as the steep bank of a river, than on a plain, or 
level groimd. It was on this principle that Napoleon bombarded Cadiz, at the 
distance of five miles, and from a greater elevation, the balls could have been 
thrown to a still greater distance.* 

* Tho following facts respecting the explosive force of gnnpovder, and its application to 
projectiles, will be found interesting and instructiye In this connection. The estimated 
force of ganpovder when exploded, is at least 14,750 pounds upon every square inch of 
the surface which confines it. Count Rumford showed, by his experiments made about 
60 years ago, that if the powder were placed in a close cavity, and the cavity two thirds 
filled, its dimensions being at the same time restricted, the force of explosion would ex- 
ceed 150,000 pounds upon the square inch. 

The force of gunpowdcir depends upon the fact, that when brought in contact with any 
ignited substance, it explodes with great violence. A vast quantity otgcu^ or eUutie fluids 
is emitted, the mdden production of which, at a high Umperaim^ is the cause of the 
violent effects which are produced. 

The reason that gunpowder is manufactured in little grains, is that it may explode more 
quickly, by facilitating the passage of the flame among tho particles. In the form of dust, 
the particles would be too compact. 

Tlie velocity of balls impelled by gunpowder from a musket with a common charge, has 
been estimated at about 1,060 feet in a second of time, when first diachaised. The utmost 
velocity that can be given to a cannon-ball is 2,000 feet per second, and this only at tho 
moment of its leaving the gun. 

In order to increase the velocity fh)m li650 to 2,000 feet, one half more powder is re- 
quired ; and even then, at a long shot, no advantage is gained, since, at the distance of 
500 yards, the greatest velocity that can be obtained is only 1,200 or 1,800 feet per second. 
Great charges of powder are, therefore, not only useless, but dangerous : for, though they 
give litUe additional force to the ball, they hazard the lives of many by their liability to 
burst the gun. The velocity is greater with long than with short guns, because the influ- 
ence of the powder upon the ball is longer continued. 

The essential properties of a gun are to confine the elastic fiuid generated by the ezplo- 
BioQ of the powder as completely as possible, and to direct the courte c/ the Ml In a 
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According to the laws which govern the motion of project- 
^^iTbf Smed ^^®^ ^* ^3 evident that a gun must be aimed, in order to hit 
to hit an ob- an object, in a direction above that Of the object, more or less, 
iStanU*?^^* according to the distance of the object and the force of the 
charge. With an aim dh-ected, as in Pig. 49, at the object, 
the ball, moving in a curved path, must necessarily fall below it. 

straight, or rectilinear path. A rifle sends a ball more accurately than a masket, beeanaa 
the ball U in more accurate contact vith the sides of the barrel than in the ease of a com- 
mon musket. The space produced by the difference of diameter between the bail and the 
bore of the ffun, greatly diminishes the eflfect of the powder, by allowing a part of the 
elastic fluid to escape before the' b«n, and also penults tile bidl to deviate from a straight 
line. The peculiarity and superiority of the new rifle, called the ** Mlni6 rifle,** is to be 
found in the construction of the ball, which, by the act of firing, is made to fit completely 
the barrel, or bore, of the gun. This is accomplished by making the ball of an oblong 
shape and a conical point, with an opening in the base extending up for two thirds the 
length of the ball. Into the opening of this internal cylinder there la placed a small €071- 
cave section cfiron^ which aba powder, at the moment of firing, /orcM into the leaden 
baU with great power, epreading it open^ and causing it to fit tightly to the cavity of the 
barrel in its course out, thus giving it a perfect direction. 

Cannon of different sizes are named according to the weight of the ball which they are 
capable of discharging. Thus, we have 68-pounders, 24-pounders, IS-pounders, and the 
lighter field-pieces, tram 4 to 12-ponnders. The quantity of powder generally used for 
discharging common iron or brass cannon, is one third the weight of the ImI]. In gvn- 
cral warfare, the effective distance at which artillery can be used is from 600 to 600 yards, 
or from a quarter to hdl/ a mile. At the battle of Waterloo, the brigades of artillery were 
stationed about half a mile from each other. Cannon-balls and shells can be thrown 
witli effect to the distance of a mile and a half to two milea 

The distance to which a ball may be thrown by a 24-pounder, with a quantity of powder 
equal to two thirds the weight of the ball, is about four mUes. Its effective range is, how- 
ever, much less. Were the resistance of the air entirely removed, the same ball would 
be thrown to about five times that distance, or twenty miles. 

It has been found that, by the firing of aa 18-pound shot into a bntt, or target, made of 
beams of oak, when the charges were 6 pounds of powdery Bpounds^ 2i pounds, and 1 
pounds the respective depths of the penetration were 42 inches^ SO tncAes, 28 inches, and 
15 inches^ and the velocities at which the balls fiew, were 1,600 feet in a seeond, 1,140 
feet, 1 ,024 feet, and 656 feet. 

When the eannon is so pointed that the ball goea perfeeOs straight toward the object 
aimed at, the direction is said to be point-blank. Ricochet firing is when the ball is dis- 
charged in such a manner that it goes bounding and skippmg along the surface of the 
ground. In this way a ball can be thrown more effectively, and for a greater distance* 
than in any other way. 

There are several substances known to chemists which possess a greater exploaiv« 
power than gunpowder. It has not, however, been eonMdered possible to incresM the 
range and effect of a projectile fired tma. a gun, or cannon, by using any of them. Sup- 
posing that the guns could be made indefinitely strong, and the gunpowder indefinitely 
powerful, the point would soon be reached where the resistaiMS tohUih ths atr opposes to 
a body moving very rapidly would balance the force derived ttam the explosive compound, 
which drives the projectile forward. Beyond this point no Increase of impulsive force 
would urge the projectile farther ; and this limit is considerably within the range of 
power that can be exercised by common gunpowder. Beside this, the strength of mate- 
rials of which guns are made is limited. Practical experience has fufly demonstrated that 
the largest piece of ordnance which can be east perfeet, sound, and free from flaws, is a 
mortar 13 inches diameter; and even this weighs five tons. The French, at the siege of 
. Antwerp, constructed a mortar having a borQ of no less than 20 inches diameter, but it 
burst on the ninth time of firing. 
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FlQ. 49. 




Until qnite recently, the rnnskets placed in the hands of soldiOTs were xm- 
ally aimed so that the Ime of sight was parallel to the bairel, and directed to 
the object, as in Fig 49. So long as the range of the musket was of limited 
extent, and great predsicm was not expected, the deviation of the ball from 
a straight line was not taken into account; but with the introduction of rifles 
throwing a ball to a great distance, the drop of the ball occasioned by the 
curvature of the path of the projectile, was fiwmd to depriye the weapon of 
the necessary precision. On all modem guns, therefore, a double sight is 
provided, by which the elevation necessary to secure accurate aim can always 
be given to the barrel This is exhibited in Fig. 50, where one of the sights, 
B, is fixed, in the usual manner, at one extremity of the barrel, while tiie 
other is located nearer the breach. This last sight is often graduated and 
provided with an adjustment, by which it can be adapted to objects at dif- 
ferent distances, so as to hit them exactly. 
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What is cir- 163. CIRCULAR MoTioN IS the motion pro- 
cuiar Motion? ^^^^ j^y ^^^ revolution of a body about a 
central point. 

Howiscircu- ^^' Circular Motion is a species of com- 
duMd?'*"^'^" P^"^^ motion, and is caused by the continued 
operation of two forces ;— one the force of 
projection, which gives the body motion, tends to cause 
it to move in a straight line ; while the other is continually 
deflecting it from a straight couree toward a fixed point. 

lUustrate the ''^^^ ^*** ^ iUustrated by the common sling, or by swinging 
Cire^r^'^M^^ ? ^^y ^^^ attached to a string round the head. The body, 
Uon!" ' ^ in this case, moves through the influence of two forces, the 
force of projection, and the string which confines it to the 
band. These two forces act at right angles to one another, and according to 
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the statements already made (§ 155X the path of the moving hodij will be a 
resultant of the two forces^ or the diagonal of a parallelogram. 

How then, it may be asked, does the body attached to the 
string and whirled round the head, move in a oirclo? This 
will be clear, if we consider that a cirde is made of an in- 
finite number of little straight lines (diagonals of parallelo- 
grams) and that the body moving in it, has its motion bent 
at every step <tf its progress by tbo action of the force which 
confines it to tiie hand. This foroe^ however, only k^eps it within a certain 
distance, without drawing it nearer to the hand. The two forces exactly 
balancing each other, the course of the whirling body will be drcniar. 

165. The two forces by which circular mo- 
tioa is produced^ are called the Cektbifugal^ 
and OsNTBiFETAL Force8.t 

166. The CEKTRiFuaAL Force is that force 
which impels a body moving in a curve to 
move outward, or fly off from a center. 

167. The Centbipetal Fobce is that force 
which draws a body moving in a curve toward 

the center, and compels it to move in a bent, or curvelinear 
course. In Circular Motion the Centrifugal and Centri- 
petal Forces are equal, and constantly balance each other. 

If the Gentrifiigal Force of a body revolving in a circular 
path be destroyed, the body will immediately approach the 
center; but if the Centripetal Force be destroyed, the body 
wiU fly off in a straight line, called a tangent 
Thus, in whirling a ball attached by a string to the fin- 
ger, the propeffing force, or iiie force of projection, is given by the hand, and 
the Centripetal Force is exhibited in the stretching, or 
tenmon of the string. If the string breaks in whu'ling, 
the Centripetal Force no longer acts^ and the ball, by 
the action of the Centrifugal Force^ generated by the 
whirling motion, flies off in a tangent, or straight line, 
as is represented in Fig. 61. I( on the contrary, the 
whirling motion is too slow, the Centripetal Force prc- 
I ponderates, and the ball falls in toward the finger. 
Familiar examples of the effects of Centrifligal Force 
are common in the experience of every-day lifa 

. The motion of mud fiying firom the rim of a coach-wheel, 

miliar iiiustra- moving rapidly, is an Illustration of Centrifiigal Force. Fig. 

ftT^^FoiSe?*" ^^ represents a coach-whed throwing off mud ; a the point at 

** which the mud flies off; a 5, the straight line in which it 

* GentrlAigftl, eompoaiided of esnter, mad "/«^o»** to fir oft 

t GsDtripetal, eompoaad«d of enter tnd *«jMfo;* to i 
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would move but for the action of the two forces, which compel it to fSoQcfw 
the parabolic curve, a c. 

Eia. 52. 




The mud sticks to the wheel, in the first instance, through the force of ad- 
hesion ; but this force, bemg very wealc, is overcome by the Centrifugal Force, 
and the partidea of mud fly off. The particles whidi compose the wheel it- 
self would also fly off in the same mamner, were not the force of cohesion 
which holds them together stroi^r than the Centrifugal Force. 

The Centrifugal Force^ however, increases with the velocity 
of revolution, so that if the velocity of the wheel were contin- 
ually increased, a point would at last be reached, when the 
Centrifugal Force would be more powerful than the force of 
cohesion, and the wheel would then fly in pieces. In this 
way almost all bodies can be broken by a sufficient rotative 
velocity. Large wheels and grind- 
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stones, revolving rapidly, not infre- 
quently break fh>m this cause, and the 
pieces fly off with immense force and 
velocity. 

When we whirl a m<^ the water 
flies off from it by the action of the 
Centrifugal Force. The fibers, or 
threads, which compose the mop, also 
tend to fly otS, but being confined at 
one end, they are unable so to da 
They, therefore, assume a spherical 
form, or shape. 

The &ct that water can be made to 
fly off tram a mop^ by the action of the 
Centrifugal Force i»oduced by whirling 
it, has been most ingeniously applied 
in a machine for drying cloth, called 
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Fig. 54 



the bydro-extractor (water-eztractorX Fig. 63. The machine conslBts of a 
laige hollow wheel, or cjlmder, A A, turning upon an axis, B. The sides 
and hottom of ^e wheel are pieroed with holes like a 
sieve. The wet doths being in and around the side;^ 
A, the wheel is caused to reyolve with great rapidity, and 
. the water contained in the materiali by the action of the 
Centrifugal Force, flies out, and escapes through the 
holes in the bottom and sides of the wheel A rotation 
of 15,000 times per minute, is sufficient to almost en- 
tirely dry the doth, no matter how wet it may have been 
origiDally. 

When a budget of water, attadied to a string, is 
whirled rapidly round, the water does not fall out when 
the mouth is presented downward, since the Centrifugal 
Force imparted to the water by rotation, tends to cause 
it to fly off firom the center, and this overcomes, or bal- 
ances, the attraction of gravitation, which tends to cause 
the water to fall out, or toward the center. Thus, in 
Fig 54, the water contained in the bucket which is up- 
side down, has no support under it, and if the bucket 
were kept still in its inverted position for a single mo- 
ment the water would fall out by its own weight, or, in 
other words, by the attraction of gravitation, which rep- 
resents the Centripetal Force ; but the Centrifugal Force, 
which is caused by the whirling of the bucket in the di- 
rection of the arrow, tends to drive the water out through 
the bottom and side of the vessel, and as this last force 
overcomes, or balances the other, the water retains its 
place, and not a drop is spilled. 

When a carriage is moved rapidly round a comer, it is 
very liable to be overturned by ^e Centrifugal Force 
called into action. The mertia carries the body of the 
vehicle forward in the same line of direction, while the 
I wheels are suddenlgr pulled around by the horses into a 
I new one. Thus a loaded stage running south, and sud- 
denly turned to the east, throws out the luggage and 
passengers on the south side of the road. When railways form a rapid curve, 
the outer rail is laid higher than the inner, in order to counteract the Centri- 
fugal Force. 

An anhnal, or man, turning a comer rapidly, leans in toward the comer or 
center of the curve in which he is moving, in order to resist the action of 
the Centrifugal Force, which tends to throw bun away from the center. 

In an equestrian feats exhibited in the drcus, it will be observed that not 
only the horse, but the rider, inclines his body toward the center. Fig. 55, and 
cccording as the speed of the horse round the ring is increased, this inclina- 
tion becomes more considerable, Wlienthe horse walks slowly round a largo 
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ring this inclisation of hia body is imperceptiUe ; if he trot^ there la a Tisible 
inclination inward, and if be gallop, be indines still more, and when urged to 
fbll speed be leans very &r over on bis side, and bis feet will be beard to 
strike against the partition wbich defines the ring. The explanation of all 
this is, that the Centrifugal Force caused by the rapid motion around the 
ring tends to throw the horse out o^ and away j&om, the circular course, and 
this be counteracts by leanmg inward. 

TiQ, 65. 
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The most magnificent exhibition of Centrifbgal and Centri- 
petal Forces balancing each other, is to be found in the ar- 
rangements of the solar system. The earth and other planets 
are moving around a center — ^the sun, with immense veloci- 
ties, and are constantly tending to rush off into space, by the 
actfon of the Centrifugal Force. They are, however, restrained 
within exactly determined limits by the attraction of the sub, which acts 
as a centripetal power drawing them toward the center. 
What is the 168. The Axis of a body is the straight line, 
A^of a body? ygj^j ^j, imaginary, passing through it, on which 
it revolves, or may revolve. 

169. When a body rotates upon an axis, all 
its parts revolve in equal times. The velocity 
of each particle of a revolving body increases 
with its perpendicular distance from the axis, 
and as its velocifcy increases, its Centrifugal Force in- 
creases. 

A moment's reflection will show, that a point on the outer part, or rim, of 
a wheel, moves round the ass in the same time as a point nearer the center, 
as upon the hub. But the drcle described by the revolution of the outer part 
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of tiie wheel is nracb larger fhan that described by the inner part^ and as 
both move round the center hi the same time, the onter part must moTe with 
a greater velocity. 

170. If the particles of a rotating body have 
freedom of motioa among themselves^ a change 
in thfi figore of the body may be occasioned by 
the difference of the Oentrifiigal Force in the 
different parts. 

A ball (^aoft day, witfaawue for an axis, ft>roed timmgh its center, if made 
to turn quickly, soon ceases to be a perfect balL It bulges out in the middle, 
where the Centrifugal "Foroe is, and becomes flattened toward the ends, or 
where the wire issues. 

This change in the form of 
revolving bodies may be illus- 
trated by an apparatus repre- 
sented in Fig. 56. This con- 
sists of an elastic circle, or hoop^ 
fitstened at the lower side on a 
vertical shaft, while the upper 
side is free to move. On turn- 
ing the wheels^ so arranged as 
to impart a very rapid motion 
to the shaft and hoop, the hoop 
will be observed to bulge out 
in the middle (owing to the 
Centrifugal Force acting with 
greater mtenatty upon those parts ftirthest remoyed from the axis) and to be- 
come flattened at the ends. 

What is iha ^''^ ^^® ®^^ itself is an example of the operation of this 
cause of the force. Its diameter at the equator is about twenty-six miles 
S^eatS?* greater than its polar diameter. The earth is supposed to 
have assumed this form at the conmiencement of its revolu- 
tion, throu^ the action of the Centrifugal Force, while its particles were m a 




semi-fluid, or jdastic state. In Fig. 57 we 
have a representation of the general figure of 
the earth, in which N S is the polar diameter, 
and also the axis of rotation, and E W the 
equatorial diameter. 

What is the ^*^^' '^^ *^® equator the 
amoontof Cen. Centrifhgal Force of a particle 
tripetal Force ^f matter is l-290ths of its 
at the equator T •<*.*...«. 

gravity. This dmiinishes as 

we approach the poles, where it becomes 0. 
If the earth revolved 17 tunes faster than 
it now does, or in 84 minutes mstead of 24 



Fig. 67. 
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Whatwooldbe hoorSy the Centrifugal Force would be equal to tlie attraetion 
reioeit^y of ri ^^ gravitatioii, which may be considered as the Centripetal 
tation of ^e Force, and all bodies on the earth's surfece would be deprived 
creased 7 ' of weighty siiice they would have as great a tendency to leave 
the surface of the earth as to descend toward its center. If 
the earth revolved on its axis in less time than 84 minutes, terrestrial gravita- 
tion would be completely overpowered, and all fluids and loose substances 
would fly from its sur&ce. 

173. There appears to be a constant tendency to rotary- 
motion in moving bodies free to turn upon their axes. 
The earth turns upon its axis, as it moves in its orbit ; a 
ball pi:qjected from a cannon, a rounded stone thrown from 
the hand, all revolve around their axes as they move. 

JFia. 58. This phenomenon may be very 

prettily illustrated by placing a 
watch-glass upon a smooth plato 
of glasS) Fig. 68, moistened suf- 
ficiently to insure slight adhesion, 
and fixed at any angle. As it 
begins to move toward the bot- 
\.dm of the inclined plane, it will exhibit a revolFing motion, which uniformly 
increases with the acceleraticm of its downward movement. 



PRACTICAL QUESTIONS AKD PROBLEMS ON THE PRINCIPLES 
AND COMPOSITION OF MOTION. 

1. The suBFAOB of the xabth at the zqvatob mores at the rate of alkmt a ramjBAsm 
utx^B in an hotjb : why are xmr not sensihle of this rapid movement of the earth ? 

Because ofi objects about the observer are moving in cwnmon with him. It 
is the natural uniformity of the undisturbed motion which causes the earth 
and all the bodies moving together with it upon its surface to appear at 
rest 

2. How can yon easilj see that the KAXTH is in motion? 

By looking at some object that is entirely wncormected with it, as the sun 
or the stars. We are here, however, liable to the mistake that tiio sun or 
stars are in motion, and not we ourselves with the earth. 

3. Does the suif really sibb and bet each day ? 

The sun maintains very nearly a constant position ; but the earth revolves, 
and is constantly cban^g its position. JReaUy^ fherefore^ the sun neither rises 
nor sets. 

4. Why, to a fsbson BAimro in a boat on a smooth stream, or oonxa bwuttly in a 
OABBiAQB on a smooth road, do the trees or buildings on the banks or roadside appear to 
move in an oppobite dibsction ? 

The reUUive situation of the trees and buildings to the person, and to each 
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other, is actually changed by the motion of the obsenrer; bat tho mind, in 
judging of the real change in place by the difference in the position of the 
objects observed, unconsciously oonfounda the real and apparent motion. 

«. Why wiU a taUow canOle fired from a gao pierce a board, or target In the oaxne 
manner as a leaden bullet will, under the same circomstances? 

"When a candle starts fixxn the breach of a gun, its motion is gradually in- 
creased, until it leaves the muzzle at a high velocity ; and when it reaches the 
board, or target, every particle of matter composing it is in a state of great 
velocity. At the moment of contact, the particles 9f matter composing tlie 
target are at rest ; and as the density of the candle, multiplied by tho velocity 
of its motion, is greater than the density of the target at rest, the greater force 
overcomes the weaker, and the candle breaks through and pierces a hole in 
tho board. 

6. Why, irith aa enonnons presBure and dov moticm, eaa jou not force a eandlo 
throogh a board ! 

Because the candle, on account of its slow motion, does not possess suffi- 
cient momentum to enable the density of its particles to overcome the greater 
density of the board ; consequently the candle itself is mashed, instead of 
piercing the board. 

7. Why wiU a large ship, moyfaig toward a wharf with a motion hardly pereeptfUe* 
emsh with great force a boat interrenhxg ? 

Because the great mass and weight of the vessel compensates for its want 
of velocity. 

8. Why ean a person safely skate with great rapidity ever lee which wonid not bear 
his weight standing quietly ? 

Because time is required to produce a fracture of the ice ; as soon as the 
weight of the skater begins to act upon any pomt, the ice, supported by the 
water, bends slowly under him ; but if the skater's velocity be great, ho 
passes off from the spot which was loaded before ^e bending has reached 
the pomt at which the ice would break. 

9. A HBAVT COACH and a ijoht waoov came in eonision on the road. A salt for 
damages was brought by the proprietor of the wagon. How was it shown that ozne of the 
vxaiouEB was moving at an uNtiin VKUXJiTr f 

On trial, the persons in the wagon deposed thai ihe ahock^ occaaonod by 
coming in contact^ was so great, that it th/rew fhem over the head of iheir horse ; 
and thus lost their case by proving that the firalty velocity was their own. 

10. Why did the rxas that they were msowir over the nsAi> or nx hobsb by coming 
in contact with the eoadi, prove that their velocity was exBAXCB than it oqght to have 
been! 

The coach stopped the wagon by contact with it, but the bodies of the per- 
sons in the wagon, hewing the same vdodty as (he wagoi^ and mi fastened to 
itf continued to move on. Had the wagon moved slowly, the dmtance to which 
they would have been thrown would have been slight To cause them to 
be thrown asfaaraa ever the head of (Ae horee, would require a great vek)city 
of motion. 
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11. WfaenTwopBttom8VBinthdrinAMt6getter,0Mbdiiginiioinmttd1^ 
at w&t, vby are botb equally hortr 

Becauae, when bodies strike each other, actum and reaction are equKd; the 
head that is at rest retams the blow with equal foioe to the head Hiat 

strikea 

12. VThen an elastle BALL is thrown againtt the ride of ahoiue irith a oiRiJDr vobgx, 
why doea It reboond ? 

Because the side ofihe hmse resists the ball with the same .foretf and the 
ball being elastic^ rdboumde, 

13. When tbetAin BALL la thrown against a PANS of GLAtt with Hkeaamelbfoa, it goes 
throngh, breaking the glass ; why does It not rebonnd as before ? 

Because the glass has not suffident power to resist the foil force of the ball : 
it destroys a part of the force of the ball, but the remainder continuing to act, 
the ban goes through, shattering the glasa 

14. Why did not the kak succeed who undertook to make a rAOt wind for his plka.8' 
UBK-BOAT, by erecting an DocDrss bellows in the btsbit^ and blowing against the saiia ? 

Because the action of the stream of wind and the reaction of the sails were 
exactly equal, and, consequently, the boat remained at rest 

15. If he had blown in aooiraaABT Disaonoxr from the sails. Instead of against them, 
would the boat have mored f 

It would, with the eame force that the air issued from the bellows-pipe. 

16. Why can not a MAH raise himself orar a nsron by poUittg upon the souis of bla 
sooxa! 

Because the action of the force ejcerted by the muscles of his arms is coun- 
teracted by the reaction of the force, or, in other words, the resistance of his 
whole body, which tends to keep him down. 

17. Why do WATKB-nooa giye a sxm-BOVABT xotxwemt to ftee themselTea fima 
water? 

Because in this way a cefnt/njugal force is generated, which causes the drops 
of water adherent to them to fly o£ 

18. Why is the ooxjbsk of rivers rarely stbaxqbt, but BiBPSJ iT n ia and wnrnDro f 
When, from any obstruction, the river is obliged to bend, the centrifugal 

force tends to throw away the imter from the center of the ewrvatai% bo that 
when a bend has once commenced, it increases, and is soon follo^i^ by others. 
Thus, for instance, the water being thrown by any cause to the left side, it 
wears that part into a curve, or elbow, and, by its centrifugal force, acts con- 
stantly on ^e outside of the bend, until the rock, or higher land, resists its 
gradual progress ; from this limit, bemg thrown back again, it wears a similar 
bend to the right hand, and after that another to the left, and so on. 

19. A l oeoni o tlya passes over a railroad, 800 miles in length, in 5 hoars; what is its 
velocifcy per hour ? 

20. If a bird, in flying, passes over a dJstanee of 45 miles In an hour, what is its vc- 
lodtyperminnte? 

11. The flash of a cannon three miles off was seen, and in 14 seconds afterward the 
■onnd was heard. How many feet did the sound travel in one second f 
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aa. Tim nmli W^aiillloBB of mileiiirMn the cuth, «id It revdiM 8^ nImitM for Sti 
light to reach the earth ; with what velocity per seoond does light moye ? 

23. If a Teasel sail 90 miles a day for 8 daya, how far wiU it sail in that time f 

24 A gentle wind Is obseryed to moye 1,860 feet in 16 minatea : how lar would it mora 
In 2 hours, aUowing 6,000 feet to the mile ? 

25. YHiat distance wonld a bird fljing uniformly at the velocity of 60 miles per hour, 
pass over in 12| hours ? 

26. Suppose light to move at the rate of 192,000 miles in a second of time, how long a 
time will elapse in the pasasge of light firom the son to the earth, the distance being 95 
milliona of miles f 

27. What is the momentum of a body weighing 15 poimdt moving with the velodty 
of 30 foot per seeoBd f 

28. AcaanoD-baH wel^dngSIO poonda, atmek a wall with a valoetty of 45 feet per 
aeoond: what was its momentam, or with what foraa did it stcikef 

29. A loooBKollvv and train of oars weigUag 180 tona (406,200 pouads), sad moHag at 
the rate of 40 miles per hoar, came in collision with another train weighing 160 tons, and 
moving at the rate of 25 mUes per hour : what waa the momentum, or force of collision f 

30. A stone thrown directty at an oldoet from a locomotive, moving at the rate of 8,520 
feet per miiratei was 2 aaoonda fai tha airs at what diatance bayrad th« ol^eet did it 
strike? 
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CHAPTER VI. 

APPLICATION OF FOBOK. 

^ _ 174 Thb principal agents from whence we 

5?^SS?S^ obtain power for practical purposes, are Men 
•^' and Animals, Water, Wind, Steam, and 

GUNPOWDBB. 

The power of all these may be ultimately resolved into somo 
a^ intaial ®^® ^ "^'^ ^^'^^^ 8"** natural foroes^ or primary sources of 
forces are these poweTi yias., vital fiiToe^ prododng muscular eneigy, or strength 
derSSd?^^'*' in man and animals; gravitatioui causing the flow of water; 
heat and molecular forces, the agents producing the power ex- 
hibited by wind, steam, and gunpowder. 

Are then an Magnetism and electricitj when called into action, and 

other agenteo^ Capillary attractioD, aie also agents of power ; but none of 
P*^*"' these are capable^ as yet^ of being used to any great extent 

for the production of motion. 

Howismnscu. ^'^^' ^^^^'^^ energy in men and animals 
ur energy ex- is ezcrtcd by mcaiis of the contraction of the 
*'***' ' fibers which constitute the muscles of the 
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I pound weight Oac foot Mgh^ 

I produce J hj a moving power 
|ed by a ct?rtaia weight raided 

iijg p<nvt>r, m ta Jind tbo power «i- 

Ihe wcigiit of tliQ body mo%^ed 
vertical space through whkU 

^ |o(id&d wagotj^ with a fbrf^ by whicll 
fegit^j « if 200 pouuds were luarpended 

Jt produced ia ^id to be 200 ponutla 
M^ lluu|^% 20,000 pouuila raised 1 foot 
rtrk bo jit^rforma Ia expciidt*d in orcr* 
nottd which opposes t!i6 iuotion of Ibe 
»iiiialie53 aa tho wtiiglit of the load in* 
brmed will, therefore, be eetimatod bj 
ptiottj 0,3 cxpneaed m pDUiul% liy the 

es wtll iHtisftrate bow w© Ai« ci^abled, 
alculuto tbo AJitou&t ijf power reqnlred 

bouut of workj-^nppoee we wkb to 
pai 10 liH 234 |3oticd3 of coiil Erom tho 
weight, S24, multipliod into apace 
h« amount of wofk to be porlbrmed 
^000 pouuda mised 1 fbot per lainute: 
>-power required. If wo wish to per- 
, w^ would order an en gin© of 4.07 
Dg tbd dimepsions of the parts of 
Qwor, OII& btiild an engfa^ capable of 

k A tmin of cai^ on a Icrel^ at tho 

hmg $5 tons, with a co^BlaBt ro- 

l^bftt is tlie home-po'wer of the onglno f 

r miaute ; this space ciiiltYplled bj 200 

I «4|U4kIi 528,000^ tho work ta bo dono 

LOOO {oo© borse*poweT), eqiiaU 16| Ibo 

^mcnt for rnf^asnring the rela- 

a en aod ctniinals, and also of 

IrjTj 18 called a Dxnaiiometek. 
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body ; the bones of the body facilitate and direct the ap- 
plication of this force. 

Beasts of prey possess the greatest amount of muscular power; but somo 
very small animals possess muscular power In proportion to their bulk, in- 
comparably greater than the largest of tho brute creation. A flea, conaidercd 
relatively to its size, is stronger than an elephant, or a lion. 
_ A man can exert his createst active strength in pulling ut>- 

exert his great- ward from bis feet, because the strong muscles of the back, 
est strength ? j^^j those of the upper and lower extremities, ale then brought 
most advantageously into actioa 

Tho comparative effect produced in tho different methods of applying tho 
force of a man, may be indicated as foUowis : in the action of turning a crank, 
or handle, his force may be Wpresented by the number IT ; In working a 
pump, by 20 ; in pulling downward, as in ringing a bell, by 59 ; and in pull- 
ing upward from the feet, as in the action of rowing, by 41. 

What is the 176. The estimate of the uniform strength 
fitri'J^^of a ^f Q-^ ordinary man, for the performance of or- 
"^^^ dinary daily mechanical labor is, that he can 

raise a weight of 10 pounds to the height of 10 feet once 
in a second, and continue to do so for 10 hours in the 
day. 

What ifl the ^"^^^ ^^^ estimated strength of a horse is, 
eBtimated that ho cau raisc a weight of 33,000 pounds 

strength of a -ii.i /• n • • c^ ^ 

horse, or a to thc hciffht of ono foot lu a minute. Such 

" horse-power r* n n • it ■$ 

a measure of force is called a '^hobse* 

POWER." 

' The strength of a horso is considered to bo equal to that of five men. The 
average strength which a horso can exert in drawing is about 1600 pounds. 

What is water- 178. Water-power is the powcr obtained 
power? |jy ^^Q action of water falling perpendicularly, 
or running down a slope, by the influence of gravity. 
What is the 179. When work is performed by any agent, 
corapiring thl there is always a certain weight moved over a 
JerfSmed by*^ Certain space, or a resistance overcome ; the 
differentforcea? amouut of work performed, therefore, will de- 
pend on the weight, or resistance that is moved, and the 
space over which it is moved. For comparing different 
quantities of work, done by any force, it is necessary to 
have some standard ; and this standard is the power, or 
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labor, expended in raising a pound weight one foot high, 
in opposition to gravity. 

Hov is the cf- ^80. The effect produced by a moving power 
iS^'pove?ex" is always expressed by a certain weight raised 
pressed? ^ certam height. 

To find, therofore^ the effect of a znoving power, or to find the power ex- 
X>cndcd in performing a certain work, we have the following rule: — 

now may the 181. Multiply the weight of the body moved 

i^lfw^be' ^ pounds by the vertical space through which 

ascertained? J^j Jg mOVCd. 

- Thus, for example, if a horse draw a loaded wagon, witii a force by which 
the traces are stretched to as great a degree as if 200 pounds were suspended 
vertically firom them, and if the horse thus acting draws the wagon over a 
space of 100 feet^ the mechanical efiect produced is said to be 200 pounds 
raised 100 feet; (V, what ia the same thing, 20,000 pounds ra»ed 1 foot 
When a horse draws a carriage, the work he performs is expended in orer- 
coming the resistance of friction of the road which opposes the motion of the 
carriage ; but fiiction increases and diminishes as the weight of the load in- 
creases or diminishes. The work performed will, therefore^ be estimated by 
multiplying the total resistance of friction, as expressed in pounds, by the 
space over which the carriage is moved. 

Illustrate the ^® following examples will illustrate how we are enabled, 
manner of esti- by the above rules, to calculate the amount of power required 
mating power? ^ perform a certain amount of work: — Suppose we wish to 
know the amount of horse-power required to lift 224 pounds of coal firom the 
bottom of a mine 600 feet deep. The weight, 224, multiplied into space 
moved over, 600 feet, equals 134,400, the amount of work to be performed 
each minute; a horse-power equals 33,000 pounds raised 1 foot per minute: 
therefore, 134,400-^-33,000=407, horse-power required. If we wish to per- 
form the same work by a steam-engine, we would order an engine of 4.07 
horse-power, and the engine-buHder, knowing the dimensfons of the parts of 
an engine essential to give one horse-power, can build an engine capable of 
performing the requimte work. 

Again. Suppose a locomotive to move a train of caia^ on a level, at the 
rate of 30 miles per hour, the whole weighing 26 tons^ with a constant re- 
sistance firom friction oi 200 pounds, what is the hotae-power of the engme 7 
30 miles per hour equals 2,640 feet per minute; tiiis space multiplied by 200 
pounds, the resistance to be overcome, equals 628,000, the woxk to be done 
every minute; which, divided by 33,000 (one horse-power), equals 16, the 
horse-power of the locomotive. 
What is a Dy- 182. An instrument for measuring the rela- 

namometer? ^j^^ strength of uieu and animals, and also of 
the force exerted by machinery, is called a Dynamometeb. 




90 WELLS»S KATUBAL PHILOSOPHY. 

J. g^ F!g. 69 repreaenta one of the most 

common forms of the dynamometer^ 
oonastmg of a band of steel, bent in 
the middle^ so as to haye a certain de- 
gree of flexibility. To the expanded 
extremity of each limb ia fixed an arc 
of iron, whidi passes freely throT^h an 
opening in the other limb, and tenninates outside in a hook or ring. One of 
these arcs is graduated, and represents in pounds the force reqmred yjq.&k 
to bring the two limbs nearer together. Thus, if a horse were pulling 
a rope attached to a body whidi he had to move, we may ima^e the 
rope to be cut at a certain point, and the two ends attached to tiie 
ends of the arcSf as represented in Fig. 69 ; 1^ force of traction ex- 
erted by the animal would be aeen by the greater or less bnnging 
together of the ends of the faistrument 

In another form of dynamometer, fig. 60, y^hich is also used as a 
spring balance in weighing, the force is measured by the cc^psing 
of a steel spring, contained within a cylindrical case. The constrao- 
tion and operation of this instrument will be easily understood fiom 
an examination of the figurei 

What i> » ifa. 183. A Machine is an instrument, or 
*""•' apparatus, adapted to receive, distribute, 
and apply motion derived from some external force, 
in such a way as to produce a desired result. 

A steam-engine and a water-wheel are examples of machines. They re- 
cdye the power of steam in the one case^ and the power of filling water in 
the other, and apply it for locomotion, sawing, hammering, etc 

Doweproduce 184. A MACHINE cau not, uudcr any cir- 
5^0?^^ cumstances, create power, or increase the 
chines! quantity of power, or force, applied to it. 

A machine will enable us to concentrate, or divide, any qiuintity of force 
which we may possess, but they no more increase the quanti^ of force applied 
than a mill-pond increases the quantity of water flowing in the stream.* 
Do not ma- Machines, in feet, do not increase an applied force, but liiey 
chines in reaiitT d iminis h it, or, in other words, no machine ever transmits tiie 
diminish forced ^^ole amount of force imparted to it by the moving power; 
since a part of the power is neoessarily expended in overcoming the inertia 
of matter, the firiction of the machineiy, and the resistance of the atmosphere. 

* ** Power la $lw%jn a prodnet of nature. QoA has not yonehsafed to inaa the means of 
its primary creation. He finds it in the moving air and the rapid cataract ; In the bnm- 
ing coal and the heaving tide. He transfers it Arom these to other bodies, and renders it 
the obedient servant of his will— the patient drudge which, in a thousand ways, adminis- 
ters to his wants, his convenience, and his luxuries, and enables him to reserve his own 
energy for the higher purposes of the development of his mind and the expression of his 
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i» Perpeiiiai 185. Pbbpictual Motion, or the construe*- 
JtelS^*^ tion of machines which shall produce power 
^^^ sufficient to keep themselves in motion con- 

tinually, is, therefore, an impossibility, since no combi- 
nation of machinery can create, or increase, the quantity 
of power applied, or even preserve it without diminution. 

Wbiit eaniBpIe ^ oatore W6 hav9 an example of contmued and undimic- 
of eoiitintied ished motion m the revoltition of the earth upon its axis, and 
ve in nature? ^ ^® planets aionnd the son. These bodies hare been mov- 
ing with midiminished yelodty lor ages past, and, unless pre- 
vented by the agen<7 which created them, will continue so to do finr ages to come. 

How do we de- ^^^' ^® d^rfve advautagcs from machines 
ftSa^^S^Sff in three diflferent ways; 1st, from the addi- 
tions they make to human power ; 2d, from 
the economy ihey produce of human time ; 3d^ from the 
conversion of substances apparently wortUess and com- 
mon into valuable products. 

Boir do m^ 187. Machincs make additions to human 
Sffltton."^ power, because they enable us to use the 
immui pom f power of natural agents, as wind, water, steam. 
They also enable us to use animal power with greater ef- 
fect, as when we move an object easily with a lever, which 
we could not with the unaided hand. 
How do ma- 188. Machincs produce economy of human 
^SL^/^hn. time, because they accomplish with rapidity 
nwatimef what would rcquiro the hand unaided much 
time to perfonn. 

A machine turns a gun-stock in a few minutes ; to shape it bj hand would 
be the work of hours. 

^^ 189. Machines convert objects apparently 

drives ^^ worthless into valuable products, because by 
jectB intovai- their great potver. economy, and rapidity of 

uable products! ^. . ^, ^ i_ .. uxLl x i_- * 

action^ they make it profitable to use objectj* 
for manufacturing purposes which it would be unprofit- 
able or impossible to use if they were to be manufactured 
by hand. 

Without machines, iron could not be forged into shafts for gigantic engines ; 
fibers could not be twisted into cables; granite, in large masses, could not be 
traosported from the quarrie& 
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Define Power, 190« 1*^ machinery, we designate the mov- 
mrwngpoii ^°g ^^^^® ^ ^^^ Power ; the resistance to be 
SacwSery. ^ overcoiQe, whatevct may be its nature, as the 
Weight ; and the part of the machine im- 
mediately applied to the resistance to be overcome, as the 
Working Point. 

What is the 191- The great general advantage that we 
advanta^ge'^^^f obtain from machinery is, that it enables us 
machinery? ^q exchangc time and space for power. 

Thus, if a man could raise to a certain height two hundred pounds in one 
minute, with the utmost exertionof his strength, no arrangement of niachinery 
could enable him unaided to raise 2,000 pounds in the same time. If lie de- 
sired to elevate this weight, he would be obliged to divide it into ten equal 
parts, and raise each part separately, consuming ten times the time reqmred 
for lifting 200 pounda The application of machinery would enable him to 
raise the whole mass at once, but would not decrease the time occupied in 
doing it, which would still be ten minutes. 

Again. A boy who can not exert a force of fifly pounds may, by means 
of a claw-hammer, draw out a nail which would support the weight of half a 
ton. It may seem that the use of the hammer in this case creates power, 
but it does not, since the hand of the boy is required to move through per- 
haps one foot of space to make the nail rise one quarter of an inch But it has 
been already shown that the force of a small body moving with great velocity 
may equal the force of a large body with a slight velocity. On the same prin- 
ciple, the small weight, or power, exerted by the boy on the end of the ham- 
mer handle, moving through a large space with an increased velocity, ac- 
quires sufficient momentum to overcome the great resistance of the nail. 

In both of these examples space and time are exchanged for power. 
„ . .. 192. The mechanical force, or momentum, of a body, is as- 

chanicai eflfect certained by multiplying its weight by the space through 
termino?? ^^ which it moves in a given time, that is to say, by its velocity. 
The mechanical force, or momentum, of a power may also be 
found, by multiplying the power, or its equivalent weight, by its velocity. 

What is the 193. The power, multiplied by the space 
brium oral! through which it moves in a vertical direction, 
machines? jg ^^^^j ^^ ^^^ Weight multiplied by the space 
through which it moves in a vertical direction. 

This is the general law which determines the equiUbrium of all machines. 

194. The power will overcome the resistance 

Under "That ,-»^ , .i-itT 

conditions win 01 thc wcight, and motion will take place m a 

phiceinama. machiuc, whcn the product arising from the 

power multiplied by the space through which 
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it moves in a vertical direction, is greater than the pro- 
duct arising from the weight mnltiplied by the space 
through which it moves in a vertical cQrection. 

What is meant Practical men express the principle of eqnilibrimn in ma- 
hy the ex- cfaiaaiy bjr sa^g <* that what is gained in power is lost in 
^"^^^11 *»°^^" Thus, ifasmaU power acts against a great resistance, 
the expense of the motion of the latter will be just as much slower than that 
timer of the power, as the resistance, or weight, is greater than the 

power ; or if one pound be required to overcome the resistance of two pounds, 
the one pound must move over two feet in the same time that the resistance, 
two pou&ds^ requires to move over one. 

SECTION I. 

THB ELEHEKT8 OF KAOfiXtfEBY. 

an Sim- ^^^' ^^ niachinos, no matter how complex 
pie xnschines and intricate their constmction^ may be re*- 
"* ** duced to one or more of six simple machines, 

or elements, which we caU the " Mechanical Powers/' 
Enumerate the ^^^' Thej are the Lever, the Wheel and 

«lx elementary AXLE, tho PuLLEY, the INCLINED PlANE, the 

Wedge, and the Screw. 

These simple Machines may bo further reduced to three— the lerer, the 
pulley, and the inclined plane ; since the wheel and axle, the screw and the 
wedge, may be regarded as modifications of them. 

The name " mechanical powers" which has been applied to the six ele- 
mentary machines, is unfortunate, since it serves to convey an idea that they 
are really powers, when in fact they possess no power in themselyes, and aro 
only instruments for the application of power. 

Whet is a 197. A Lever consists of a jsolid bar, straight 

^""^'^ or bent, turning upon a pivot, prop, or axis. 
What are the 198. The Arms of the lever iare those parts 

i^offtLe- Qf ^\^Q \^Y extending on each side of the 

axis. 
Whet 18 the 199. The Fulcrum, or prop, is the name 

Faicrmnt applied to the axis, or point of support, 
jj^^ 200. Levers are divided into three kinds, or 

kindB of levers classcs, accordiug to the position which the 

are ere fulcrum has iu relation to the power and the 
weight. 



:i 
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201. In the first class the falcnua is be« 
reiatiTe pod. tween the power and the weight ; in the sec- 
]X«r,fuieram ond class, the fulcrum is at one end of the 
tibettoee kinds lever, and the weight is between the folcram 
of levers? and the powcr J in the third class, the fulcnim 
is at one end of the lever, and the power is between the 
fulcrum and the weight. 

Fig. 61 represents the three daaoes of Fia 6L 

levers, numbered in their order, !• 2, 3* j F 

P is the power, W the weight, and P the 1 A 

fulcrum. _ 

mat .» .X. , ■*■ «°^^ '?»"•* *• P #^ , „ 

ampies of ic- elevate a stone, is an er- ' ' ' i A ^ 

first kind. In Kg. 62, ^^ 

which represents a lever of this dasS) a — ^ 

indicates the fulcrum which suppports tho a "^"^^ ^ y 

bar, h the power applied by the hand at I 

the end of the longest arm, and e the iir^ 

weight, or stone, raised at the end of the 

short arm. A poker applied to stir up the fiiel of a grate is a lever of the 

first class, the fiUcrum being the 
Fia. 62. bars of the grate \ the break, or 

or handle of a pump, is also a fa- 
miliar ezampl& SdssorB, pin- 
cers ete., are oomposed of two 
levers of the first kind, the ful- 
crum being the jomt, or pivot, 
and the weight the resistance 

of the substance to be cut, or seized. The power of the fingers is applied 

at the other end of the levers. 

What la ih« 202. A lever will be in equilibrium, when 
brium ^"Si the power and the weight are to each other 
lever? inversely as their distances from the fulcrum. 

Thus, if in a lever of the first daas the power and the weight are equal, 
and are required to exactlj balanoe each other, they must be placed at 
equal distances fh>m the fulcrum. If the power is only half the weight, it 
must be at double tiie distance fh^m the fulcrum; if one third of the 
weight, three times the distance. If we suppose, in Ilg. 62, e to represent 
a weight of 300 pounds, placed two feet from the fhlcrum a, and h a power 
of 100 pounds placed six feet fix>m a^ then c and h wiU be in equilil^um, 
for (300X2)=(100X6). 

203. When the weight and lengths of the two arms 
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Weiglit, aad 
the leaajg^ of 
the anm of e 
lever being 
glTen, how we 
find the equlr* 
aleat power? 



Whet ere ex- 
amplee of le- 
vers €i the 
second daasf 




of a lever are given, the power reqnisite to 
balance the weight may be ascertained, by 
dividing the product of the weight multiplied 
into its distance from the fulcrum, by the dis- 
tance of the power from the fulcrum. 

204. Gorki or lemon-squeezers, Fig. 63, are examples of 
the levers of the second dass^ whidi have the iiilcrmn at one 
end, and the weig^t^ or resistance to be orercome^ between 
the ftilcrum and the power. An oar is a lever of Uie second 
dasfl^ in which the reaction of the water against the blade is the fiilcrum, the 
YiQ, 63. ^^^^ ^® weight, and the hand of 

the boatman the power. A door 
moved on its hinges is another 
example. A wheel-barrow is a 
lever of the second classy the lul- 
cnim being the pcxnt at which the 
5 ) wheel presses upon the ground, 

the barrow and its load the weighl^ 
and the hands the power. Nut* 
cradEors are two levers of the second class, the hinge which unites them being 
the (lilcram, the resistance of the sheU placed between them the weighl^ and 
tiie haind the power. 

What ere ex- ^^^' ^ ^ ^^ sugar-tongs rep- 
ampiee of le- resents a lever of the third class, 
]Srd ^toss f^* ^ which the power is applied be- 
tween the fulcrum and the resist- 
ance, or weight. In Fig. 64, the fulcrum is at o^ 
the resistance is the piece of sugar to be lifted at 
&, and the power is the fingers ai^Ued at c; 
When a man raises a ladder against a waU, he 
emplojTS a lever of the third class ; the fulcrum 
being the foot of the ladder resting upon the 
g^und, the power being the hands applied to 
raise it, and tho resistanoe bdng the weight of the ladder. 

206. In levers of the third class, the power, 
being between the fulcrum and the weight, 
will be at a less distance from the fulcrum than 
the weight ; and, consequently, in this form 

of lever the power must be always greater than the 

weight. 

Thus (in Ka 3, Fig. 61), if the length from the point where the weight, W, 
is suspended to F be three times the length of P 3P, then a weight of 100 
pounds suspended at W will require a power of 300 applied at P to sustain it 



Fig. 64. 




Whet is the re- 
hition between 
the poirer end 
the weight ia 
lerers of the 
third daMi 
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Under what 
drcnmstonces 
do we employ 
leveni of the 
third class? 



Owing to its mechanical disadvaatages, this class of kren 
is ntely used, except where a quick motion is required, istha 
than great force. The most striking examples of levers of the 
third class are found in the animal kingdom. The limbs of 
animals are generally levers of this description. The socket 
of the bone, o^ Fig. 65, is the folcmm ; a strong muscle attached to the bone 

near the socket, c, and extend- 
ing to d^ is Ihe power; and the 
weight of the limb, together 
with whatever resistance, tr, is 
opposed to its mott(Hi, is tho 
weight A very 




FiO. 66. 



con- 
traction of the muscle in this 
case gives comdderable motion 
to the limb. 

The leg and claws of a bird, 
are examples of the third class 
of levers^ the whole arrange- 
ment being admirably adapted to the wants of the animal When a bird rests 
upon a perch, its body constitutes the weight, the muscles of the leg the 
power, and the perch the fulcrum. Now, the greater the weight of the body, 
the more strain it exerts upon the muscles of the claws, which, in turn, grasp 
the perch more firmly: consequently, a bird sits upon its perch with the 
greatest ease, and never &lls off in sleeping, since the weight of the body is 
instrumental in Bustainmg it 

207. A Compound Lever is a combination 
compounflLe- of sevcral simple levers, so arranged ihs^t the 
^" shorter arm of one may act upon the longer 

arm of another. In this way, the power of a small force 
in OTercoming a large resistance is greatly multiplied, 

FiO. 66. 



d 



1 



An arrangement of compound levers is shown in Fig. 66. Here, by means 
of three simple levers, I pound may be made to balance 1000; for if the long 
arm of each of the levers is ten times the length of the short one, 1 pound 
at tho end of the first one will exert a force of 10 pounds upon the end of tlio 
second one, which will in turn exert ten times that amount, or 100 pounds, 
upon tho end of tho third one, which will balance ten times that amount, or 
1000 pounds, at tho otlicr extremity. 
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"VVliat «re the 
disadTftntages 
of a eompoand 
lever 7 



I>eacribe the 
common oted- 

yard. 



208. The disadvantage of a compound lever 
is, that its exercise is limited to a very small 
space. 

209. The dififerent varieties of weighing machines are vane- 
ties or oombisations of levera. The oommoDi steel-jard is a 
lever of unequal anus, belonging to the first class. It consists 

of a bar (Fig. 61) marked with notches to indicate pounds and ounces, and a 
weight which is movable along the notches. The bar is ftxmisbed with three 
hooks, or rings, on the laiigeet of which the article to be weighed is always 
hung. The other hooks serve to support the instrument when it is in use, 
and the pivot by which they are attached to the bar serves as the fulcrum. 
The weight, Q, sliding upon the bar, balances the article, P, which is to be 
weig^ied, it being evident that a pound weight at D will balance as many 
pounds at P as the distance A G is contained in the space D C. 



FlQ, 67* 




It may happen that when the weight Q is moved to the last notch upon the 

bar B 0, that the article P will still preponderate. In this case, the steel-yard 

is held by the hook or ring nearer to A, which hangs down in the figure, and 

the steel-yard turned over, it being fiimished with two sets of notches on 

opposite sides of the bar. By this means the distance of P, the article weighed, 

from the fulcrum is diminished, and the weight Q, at the given distance upou 

the opposite side of the fulcrum, will balance a proportionally greater resistr 

ance, or weight 

«^ .,. *v 210. The ordmary balance is a lever of the first dass, with 

Describe the , . , /, ^, ■, xi. • lx 

ordinary bal- equal arms, m which the power and the weight are neces* 

»°c«- sarily equal. Fig. 68 shows the common form. The fUlcrum 

or axis, is made wedge-like, with a sharp knife«like ecfge, a^d rests upon a 
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Fig. 68. <« sur&ce of hardened steel, or 

agate, in order that the beam 
may turn easily. The scale- 
pans are suspended by chains 
from points precisely at equal 
distances from the fulcrum, 
and being themselves adjusted 
80 as to have precisely equal 
weights, the two sides will perfectly balance when the pans are empty. 

211. If the two arms of a scale-beam be not of perfectly 
equal length, a smaller weight at the end of the larger arm 
will balance a greater weight at the end of the shorter. An 
excess of half an inch in the length of the arm of the bo^n, 
to which merchandise is attached, where tho wrm should bo 
eight inches long, would cheat the buyer exactly one ounce in every pound. 
This fraud, if suspected, might be detected instantly, by transposing the 
weight and the article balanced ; the lightest would then be at the end of 
tho short arm, and would appear lighter than it actually is. 

EiO. 69. 



Under what 
circamstances 
\rill a balance 
indicate falae 
▼eights? 




What \B fha 212. Platform scales, and scales intended 
consti^^n^ for Weighing hay, etc., are usually compound 
'^^^ levers, and are constructed in very various 

forms, but all depend on the principles above explained. 
Fig. 69 represents one of the varieties, and Fig. 70 a see- 

FiG. 10. 
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tion of the same; showing the arrai^ment and combination 
of the levers. 

213. When a leyer is applied to raise a weight or overcome 



stances limit & resistance, the space through which it acts at anj one time 
tS^ ,"*^^Jy ®' is small, and the work must be accomplished hy a succession 
of short and intermitting efiforts. These circumstances, there* 
fore, limit the utility of the common lever, and restrict its use to those cases 
only in which waghts are required to be raised through small spaces. 
H . cotitin. ^^^' ^^®°» however, a continuous motion is required, as in 
noos motioa raising ore from a mine, or in liftmg the anchor of a ship, 
obtained? j^ order to remove the intermitting action of the lever, and 

render it continual, we employ the simple machine known as the wheel and 
axle, which is only another form of the lever, in which the power is made to 
act without intermission. 



What 
Wheel 
▲zie? 



is 



215. The fonn of the simple machine de- 
nominated the Wbeexi and Axle, consists of 
a cylinder, termed an axle, revolving on an 
axis, and having a wheel of larger diameter immovably at- 
tached to it^ so that the two revolve with a common motion. 



Deseribe the 
action ot the 
wheel and 
axle. 



Fia. ^1. 




In Fig. •?!, A represents 
the axle with a wheel im- 
movably attached to it, and 
the wheel turning on pivots 
inserted into the ends of the axle. Around 
this axle is wound a rope, to which is at- 
tached the weight W, and around the wheel 
is another rope, to which the power, P, is 
applied. It is evident that one turn of the 
wheel will unwind a^ much more rope from 
the wheel than it winds on the axle, as its 
circumference is greater. The power, P, will therefore pass over a much greater 
space than the weight W. The weight on the axle, which may be considered 
as acting on the short arm of a lever which is the radius* of the axle, may 
bo much heavier than the power which acts at the long arm of a lever, whidi 
is the radius of the wheeL 

Hence the advantage gained in the wheel and axle is equal to the number 
of times that the radius of the axle is contained in the radius c^ the wheel, 
{iti 1 to estimate the mechanical advantage gained by the wheel and axle, we 
havj t'.ie following rule : 

now do wo 216. The power is to the weight, as the 
diameter of the wheel is to the diameter of 
the axle. 

* The radlaB of a wheel, or cylinder, ia its semi-diameter, or a line drawn from its een* 
tor to its drcomferenoe. The spoke of a carriage wheel represents its radios. 
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Fig. 72 represents a section of the wheel and axle, showmg the radios 
of tlie axle, b c, and the radius of the wheel, a c. The two being in a 



Fid, 72. 




straight line, the weights hanging in opposition are 
always as if they were connected by a horizontal lever, 
acbj turning on a fulcrum at (^ If the radius of the 
wheel, or the length of the longer arm of the lever, a c, 
be 24 inches, and the radius of the axle, or the length 
of the shorter arm, c 6, be 3 inches, then the advantage 
gained would be 24+3=8, and a power of 100 pounds 
applied to the wheel would balance a weight of 800 ap- 
plied to the axle. 

„ ^ 2 IT. The methods of applying power 

ply power in m the wheel and axle are very various, 
ajde?**^^ ^^ ^* ^^* being essential that the power should be applied by a 
rope. The axle is sometimes placed in a vertical or upright 
position, gnd the power applied by means of levers, or bars^ inserted into holes 
FiQ, 73. in one end of the axle. A capstan of a ship, Fig, 

73, is an example of this. 

In the windlass, a handle, or winch, is enb- 
Btituted in the place of a wheel. (See Fig. 74.) 
In this case, the advantage gained is equal to 
the number of times that the length of handle is 
greater than the radius of the axle. Thus, if the 
handle is 20 inches and the radius of the axle 
is 2 inches, then the advantage would be 10, and 
a power of 50 pounds applied at the handle would 
jast raise a weight of 10 times 50, or 500 pounds. 

When a weight, or resistance, of comparatively great amount is to be raised 
by a very small power, by means of the simple wheel and axle, either of two 
inconveniences would ensue ; either the diameter of the axle would become 
too small to support the weight, or the diameter of the wheel would become 
so great as to be unwieldy. This has been remedied by a very simple ar- 
FiQ, 74. rangement, called the double axle, Fig. 74. 

The axle of the windlass here consists of 
two parts of unequal diameters, and the 
rope winds aroimd them in diffbrent direc- 
tions ; therefore, every turn of the wind- 
lass, or handle, winds up a portion equal 
to the circumference of the one, but un- 
winds a portion equal to the circumference 
of the other, and if the two be nearly equal, 
the weight moves very slow. If the weight 
rise 1 inch while the handle describes 100 
inches, 1 pound at the handle will balance 100 attached to the rope. 

In this arrangement space and time are exchanged for power in a most 
convenient manner. 





tHS ELEHBNT3 OF HAOHINEBT. 



101 



TVliat is the 
most frequent 
metbod of 
transmitting 
motion throagli 
a comhinatioii 
of wheels? 



Fia. 75. 



When great power is required, wheels and axles may be combined to- 
other in a manner simUar to that of the compound lever already explained 
(§ 207). By such a combination we gain the advantage of using a very laige 
wheel with a small axle, without their inconveniences. 

218. The most fi^equent method of transmitting motion 
through a combination of wheels, is by the construction of 
teeth upon their circumference, so that the teeth of each 
wheel falling between those of the other, the one necessarily 
pushes forward the other. When teeth are thus affixed to 
the circumference of a wheel, they are termed oogs^ or leaves^ 

and the axles of the wheels are called pinions. 

fig. 75 represents a combination 
of wheels and axles for the trans- 
mission of power. If the teeth on 
the axle of the wheel c act on mx 
times the number of teeth on the 
circumference of the second wheel, 
the second will turn only once for 
every six turns of the first In the 
same manner the second wheel, by 
turning six times, turns the third 
wheel once ; consequently, if the proportion between the wheels and their 
axles be preserved in all three, the thu^ turns once, the second six times, 
and the first thirty-ax times. Now, as the wheel and axle act in all respects 
like a simple lever, and a combination of wheels and axles as a combina- 
tion of levers, there is no difficulty in understanding how a mechanical ad- 
vantage is gained by this contrivance. The power is to the weight as the 
product of tiie diameter of all the axles is to the product of the diameter of 
all the wheels. Thus, if the diameter of all the axles be expressed by the 
numbers 2, 3, and 4, and the diameters of the wheels, c, /, and g, be expressed 
by the numbers 20, 25, and 30, then power will be to the weight as 2X3 X 
4=24, is to 20X25X30=15,000 ;— or a power of 24 at the first wheel will 
balance 15,000 at the axle of the last wheel 

219. One of the most familiar instances of combined wheel- 
work is exhibited in clocks and watches. One turn of the axle 
on which the watch-key is fixed, is rendered equivalent, by a 
train of wheel-work, to about 400 turns, or beata^ of the bal 
ance-wheel ; and thus the exertion, during a few seconds, of 

the hand which winds up, gives motion for twenty-four, or thirty hours. By 
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work? 
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Ha 76 increasing the number of wheels, 

time-pieces are made which go for 
a year, or a greater length of time. 

Wheels may be connected and i 
motion communicated from one 
the other, by bands, or belts, as well 
as by teeth. This principle is seen in the spmning-wheel and common 
turning-lathe. A spmning-wheel, as a c. Fig. 76, of thirty mches in circum- 
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ference, turns by its band a smalls wheel, or spindle, hf of half an Inch, ozty 
times for every revolution of a <J. 

When the wheel is intended to revolve in the same direction with the one 

from which it receives its motion, the band is attadied as in Fig. 76 ; but 

when it is to revolve in a contrary du-ection, the band is crossed, as in Fig: 77. 

In many wheels power is communicated by means of a wet^t applied to 

the cuxsumference. 

]Pjq Y3 In the tread-mill (F!g. 78) a number of persons 

stepping upon the circumference of a wheel cause 
it to revolve. Similar machines are often adopted in 
ferry-boats, moved by horses, and called "horse- 
boats." 

In most water-wheels, power is obtiuned by the 
action of water applied to the drcumference of the 
wheel, which is caused to revolve, either througb the 
weight, or pressure of the water, or by both oonjoinHy. 

220. The Pulley is a small wheel fixed in 
a block, and turning on an axis, by means of 
a cord, which runs in a groove formed on the edge of the 
wheel. 
This simple machine is represented in Pig. 79. Fio. 79. 

220. Pulleys are of two kinds ; 
— fixed and movable. 

221. By a fixed pulley we 
mean one that merely revolves 

on its axis, but does not change its place. 

Describe the ^^* *^^ ^^ ^^ *^® illustrations of fixed 

working and pulleys. In Fig. 80, C is a small wheel turning upon its 

thJS^dpuUey. ^^^ aroiind which a cord passes, having at one end the 

power P, and at the other, the resistance, or weighty W. It 

Fio. 80. is evident that by puUmg the cord at P, the weight, W, must 

y^ ^*\. ascend as much and as fast as the cord is drawn down 

' ^ As, therefore, the power and the weight move with tho 

same velocity, it is clear that they balance one another, 

and that no mechanical advantage is gained. 

In all the applications of power there are always some 
directions in which it may be exerted to greats advan- 
tage and convenience than others; and in many cases 
the power is capable of acting in only one particular di- 
^*^ -js. J^^tion. Any arrangement of machinery, therefore, which 

Qy CO ^''^ enable us to render power more available, by apply- 
ing it in the most advantageous direction, is as convenient 
and valuable as one which enables a small power to balance or overcome a 
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great w el gtit Thus, if we wi^ to apply the strength of a hone to lift a 
heavj ^rei^t to the top of a baUding, we should find it a difficult matter to 
accomplish directlj; since the horse exerts hia 
strength, mainly, and to the best advantage, in 
drawing horizontally ; but by changing the di- 
rection of the power of the horse, by an ar- 
rangement of fixed pulleys, as is represented 
in Fig. 81, the weight is lifted most readily, 
and the horse exerts his power to the best ad- 
vantage. 

223. A fixed pulley is most 
S^^pu^ uaefal for changing the direcr 
tions of fixed tion of power, and for apply- 
p eys? ^^ power advantageously. 

By it a man standing on the ground can raise ^^^ 
a weigl^t to the top of a building. A curtain, a flag, or a sail, can be readily 
raised to an elevation by a fixed pulley, without ascending with it, by draw- 
ing down a cord running over the pulley. 

What tea laov- 224. A MoVABLE PULLEY diffCTS from a 

abiepuueyt ^^^ pullej in being attached to the weight ; 
it "therefore rises and falls with the weight. 

Fig. 82 represents a movable pulley, B, associated, as it 
most commonly is, with a fixed pulley, C. The movable pulley, 
B, is often called a " Runner." 

225. In the fixed pulley, Fig. 80, it will be 
readily seen that to move the weight, W, at 
one end of the cord, passing over the pulley, a 
greater weight must be applied at P, for if P 
h only equal to W, they will balance one an- 
other. If; however, we &sten one end of the cord to a fixed support, as at 
F, Fig. 82, and pass it under the groove m the movable pulley B, to which 
the weight, W, we desire to raise is attached, and then carry it over the fixed 
pulley C, we may lift a force of 100 pounds at W by an application of 50 
pounds at P. To understand this, we must remember that the weight W is 
supported by the cords B F and B C on each side of the movable pulley B ; 
and as each are equally stretehed, the weight must be equally divided be- 
tween them ; or, in other words, the point of support, P, sustains half the 
weight, and the power, P, the other half. A person, therefore, pulling at P, 
will raise the weight by exerting a force equal to its half. But the cord at P 
must move through two feet to raise the weight W one foot. 

When still greater power is required, pulleys are compounded into a system 
containing two more single pulleys, called Blocks, and these again are com- 
bined in a compound system of fixed and movable pulleys. 

A single movable pidley may be so arranged that the power will sustain 
three timea its own weight Such an arrangement is represented in Fig. 83. 
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How is power 
gained at the 
expense of 
time in a sys- 
tem of pul- 
leys? 



In this we have four cords, one employed in sustaining the Fie, 831. 
power, P, and the other sustaining the weight; conse- , -"^ 

quently the power will be to the weight as 1 to 3. In 
Fig. 84, we have two blocks, each containing two single 
pulleys The rope is thus divided into five portionsy eadi 
equally stretched; one is employed in supporting the 
power P, and four sustain the weight With this system 
a power of 1 will balance a weight of 4. 

226. In all these arrangements of pul- 
leys, the increase of power has been gained 
at the expense of time, and the space 
passed over by the power must be double 
the space passed over by the w^ht, mul- 
tiplied by the nxmiber of pulleys. Tha^ in^ in the case of 
the single pulley, the power must pass over two feet to 
raise the weight one foot; and with two movable pulleys^ 
as in Fig. 84, the power must fall four feet to raise the 
Fio 84 weight one foot. 

Instead of folding the string on the pulleys entire^ it is 
sometimes doubled into separate portions, each pulley 
hanging by a separate cord, one end of which is attached 
to a fixed support. Here a very great mechanical advan- 
tage is gained attended, however, with a corresponding 
loss of time. In an arrangement oi sadi a character, re- 
presented in Fig. 86, the weight "W, is supported by the 
two parts of the cord passing round the movable pulley, 
C ; and as each of these parts is equally stretched, tho 
fixed sapp<Mrt wiU sustain one half the weight, and tho 
next pulley in order above 0, namely B, may be consid- 
ered as sustaining the other hal£ But the two parts of 
the string whidi support the pulley B, again divide the 
weight, so that the pulley A, which is attached to one of 
them, only sustains one quarter of the first weight, W. 




The string which passes around A again divides this 
weight, so that each part oi it sustains only one eighth 
of W. The fixed pulley serves merely to change the 
direction of the motion. In this system, therefore^ a 
power of 1 will balance a weight of 8. 

227. In general, the advan- 
tage gained by pulleys is found 
by multiplying the number of 
movable pulleys by two, or by 
multiplying the power by the number of 
folds in the rope which sustains the weight, 
where one rope runs through the whole. 



Fig. 86. 
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Thtis a weight of "72 poonds maj be balanced by Ibar movable pttUeys by 
a weight or power of 9 pounds ; with two pulleys, by a poww of 18 pounds, 
with one movable pulley, by a power of 36 pounds. 

These rules apply only to movable pulleys in the same block, when the 
parts of the rope which sustain the weight are parallel to each. The mechan- 
ical advantage which the pulley appears to possess in theory, is considerably 
diminished in practice, owing to the stiffness of the ropes, and the friction of 
the ropes and wheels. From these causes it is estimated that two thirds of 
the power is lost When the parts of the cord are not parallel, the strength 
of the pulley is very greatly diminished. 

„^ , _ 228. Fixed and mov- 

What are Cranes ,, „ , 

and Derricks, able puUeys are arranged 

Tackle and FaU? ^ ^ g^^ variety of 
forms, but the principle upon which all are 
constructed is the same. What is called a 
" tackle and fall," or " block and tackle," 
is nothing but a pulley. Cranes and 
derricks are pieces of mechanism usually 
consisting of combinations of toothed 
wheels and pulleys, by means of which 
materials are lilted to difiTerent elevations 
— as goods from vessels to the wharves, 
buildmg materials from the ground to 
the stage where the builders are en- 
gaged, and for sunilar purposes. One 
of the most simple forms of movable 
cranes is represented in Fig. 86. It 
consists of a strong triangular ladder, at 
the top of which is a fixed pulley, C, 
over which the rope attached to the ob- 
ject to be elevated passes, and is carried 
down to the cylindrical axle, T, upon 
which it is wound by means of bars in- 
serted in holes, or by a crank. This 
ladder is incUned more or less from the 
upright position by means of a rope, 
D, which is attached to some fixed point 
nt a distance. 

229. The Inclined Plane consists of a hard 
plane surface, inclined at an angle. 

In Fig. 87, a 6 c repre- Fio. 87. 

sents an inclined plane. e 

230. If we attempt, for 
instance, to raise a cask, or any other 
heavy body into a wagon, we may find 
that our strength is unequal to lifting it 

6* 
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direcily, wfaOe to haul it up by polleys ifocdd be very moniTenieiit, if not 

impossible. We may, howeyer, aocomplish our object with ecMnporative eaao 

by rolling the cask up an inclined plank, and ezertiiig our Saree in a direction 

parallel to the inclined sorfiice of the piank. 

The plank, in this instanoe, foms an inclined plana and wo 
How do we . ^ \y .,j^,_ *. _1 ^ ^ 

derire a me- gain a mechanical adyantage, because it supports a part of 

BQ indined If we place a body upon a horizontal puuoe, or surfeoe, it is 
pune? evident that the surfiwe will support its wh<de weight ; if we 

incline the surface a little, it will support len of the weight, and as we elerato 
it more, it will continue to support lest and less, until the surface becomes 
perpendicular, in which case no support will be aflfonled. 

231. The advantage gained by the use of the inclined plane may bo esti- 
mated by the following rule : 

iiow can we 232. The powet is to the weight as the per- 
Sd^te^egSS. pendicular height of the plane is to its length. 

®? i7 .***®.. "'^ From this it will appear that the leas the height of the in- 
of the inclined ,. ^ , j .i. ^ -x i _^,- xi. x n ^ 

plane t chned plane, and the greater its length, the greater win bo 

the mechanical advantage. Thus, in Fig. 88, if the plane, o 
df be twice as long as the height, e d^ Fia. 88. 

one pound at p, acting over the pulley, 
would balance two pounds any where 
between c and d. If the plane, c d^ 
were three times the length of rf e^ 
{hen one pound at p would balance 
three pounds any where on the plane, 
c df and so of all other quantities and ^,^__^_^_^_________^_ 

proportions. ^ 

233. Heads which are not level may be considered as in- 
«mate*the to- clin^d planes, and the inclination of a road is estimated by 
dination of the height which corresponds to some proposed length. Tliua, 
roads 7 ^^ ^^ ^ ^^^ ^^^^ ^^^ ^^ ^^ twenty, or one in fifty, mean- 

ing that if twenty or fifty feet of the road be taken, as the length of an in- 
clined plane, the correspondmg height of such a plane would be one foot, and 
the difierence of level between the two extaremities of such a length of road 
would be one foot. 

_ . According to this method of estimating the inclination of 

roada to be roads, the power required to sustain, or draw-up a load, fiio- 
constrooted f ^(^ jj^^ considered, is always proportioned to the rate of ele- 
vatioa On a level road, the carri^^ moves wlien the horse exerts a strength 
sufficient to overcome the friction and reaistanoe of the atmosphere; but in 
going up a hill, where the road rises one foot in twenty, the horse, beside 
these impediments, is obliged to exert an extra force in the proportion of one 
to twenty, or, in other words, he is obliged to lift one twentieth of the load. 
It is, therefore, bad policy ever to construct a road directly over the summit 
of a hill, when it can be avoided, becausei in addition to the force necessary 
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to overcome tbe fiicdon in drawing a heavy load up the steep indine, ve 
must add additional force to overcome the gravitjv which acts parallel with 
the inclined plane of the road, and tends constantly to make the load loQ 
back to the bottom of the slope. This force increases most rapidly with the 
steepness, and consequently requires an inmiense expenditure of power. 
Half the power expended on a road gently winding round the hiU, with an 
increase of speed, would gain the same elevation in much less tune. 

An intelligent driver, m ascending a steep hill on which there is a broad 
road, winds from side to side, since by so doing he diminishes the abruptness 
of the aiBcent (the plane being made longer in proportion to its height), and 
thus &vors the horses. 

Our common stairs are inclined planes, the steps bemg merely for the pur- 
pose of obtaining a good foot^hold. 

234. In the inclined plane^ as in all other simple machines, 
^Sed*^ tiS • ?■"* ^ power is attended with a corresponding loss of time, 
expeiueoftime A body, in ascending an inclined plane, has a greater space 
^^e^indioed ^ p^^ ^^^ ^j^^ ^ .|. gj^Q^j^j pjg^ perpendicularly. The tune, 

therefore, of its ascent will be greater, and it will thus oppose 
less resistance^ and consequently require less power. 

What 18 a 235. The Wedge is a movable 

Wedge? inclined plane. It is also defined 
to be two inclined planes united at their bases, 
as A B, Fig. 89. 

In the inclined plane^ the weight moves upon the plane^ 
which remains stationary ; but in the wedge, the plane itself 
is moved under the weight. 

236. The cases in which wedges are most 
are Wedges generally used in the arts, are those in which 
'iswl in the j^^ intense force is required to be exerted through a veiy small 
^ace. It is, therefore, used for splitting masses of wood, or 
stone, for blocking up buildings, raising vessels in docks, and pressing out the 
oil from seeds. In tiiis last instance, the seeds are placed in bags, between 
two 8urf3aces of hard wood, which are pressed together by wedges. 

Upon what 237. The usefulness of the wedge depends 

does the infln- ^^ frictiou ; for if thcrc were no friction, the 
Wedge de- wedge would fly back after each stroke ot the 

driving force* 
How does tiui 238. The power of the wedge increases as 
^^ ta.*^ the length of its back, compared with that of 
*^*^' its sides, is diminished. Hence, it follows that 

the power of the wedge is in proportion to its sharpness. 

The power commonly used in the case of the wedge, is not pressure, but 
percussion. Its edge being inserted mto a fissure, the wedge is driven in by 
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TThat are fa- 
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pies of the use 
or application 
of the Wedge 
in the arts? 



Fia. 90. 



blows upon its back. The tremor produced wboi the wedge is strack with 
a violent blow, causes it to insinuate itself much more rapidly than it other- 
wise would. 

239. The edges of all cutting and piercing instruments, 
such as knives, razors^ chisels, nails, pins, etc^ are wcdgea 
The angle of the wedge in all these cases is more or 
less acute, according to the purpose to which it is applied. 
Chisels intended to cut wood have their edges at an angle of 
about SO^' ; for cutting iron from 50° to 60°, and for brass about 80° to 90°. 
In general, tools which are urged bj pressure admit of being sharper than 
those which are driven by percussion. The softer, or more yielding the sub- 
stance to be divided is, the more acute the wedge may be constructed. 

What is the ^^' ^^^ ScBEW Is su inclined plane wind- 
scfe^' ing round a cylinder. 

This may be illustrated by cutting a strip 
of paper in such a way as to represent an in- 
clined plane, and then winding it round a 
cylinder, or common lead pencil, as is repre- 
sented in fig. 90. 

m.ttat., . 241 The edge of the 
swew ^' * inclined plane winding 
about the cylinder, or 
the coil of the spiral line which 
it describes upon the cylinder, con- 
stitutes the Thkead of the screw, 
and the distance between the suc- 
cessive coils is called the distance 

BETWEEN THE THREADS. 

The screw, surrounded by its spiral line is represented m Fig. 91. 

The screw is not appHed directly to the resistance to be Fta 91. 
overcome, as in the case of the inclined plane and wedge, but 
the power is transmitted by means of what is called the Nut. 

What is the 242. The Nut of a screw is a 
NatofaScrewT ^i^^^ ^^^ ^ Cylindrical cavity, 
having a spiral groove cut round upon the 
surface of this cavity corresponding with the 
thread of the screw. 

In this groove the thread of the screw will move by causmg 
the screw to rotate. Each turn of the screw in the nut will cause it to advance 
or recede a distance just equal to the interval between the threads. 
Is the Screir, Generally, the nut is stationaiy and the screw movable, but 
moT»]^ 7 ^°*' *^® ^^* ^^y ^ movable, and the screw stationary. 
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Ho^ is power ^^^' ^^^^^ ^ oommonly applied to the screw by means of 
Applied to the a lever, either attached to the nat, or to the head of the screw, 
Screw ? ^ g^^ Jq ^ig. 92. By varying the length of this, the power 

may be indefinitely increased at the point of resistance. The screw, there- 
foTc, acts with the combined power of the lever and the inclined plane. 

Thus, in Fig. 92, /d is the lever, c the nnt, 
a d the screw, and e the block upon which the 
substance to be pressed is placed. As in all the 
other simple machines, the advantage in this is 
estimated by the relative distances passed over 
by the power and the weight If the distance 
of the spiral threads of the screw is 1 inch, and 
the handle of the screw, that is the lever, is 2 
feet in length, then the extremity of the lever 
will describe a circle of over 12 feet in turning 
once round, but the screw will only advance 1 
inch. The ratio between the power and the 
weight will be, therefore, as 1 inch to 12 feet, or 
as 1 to 144. Consequently, if a man is capable 
of exerting a force oi 60 pounds at the end of the lever, the screw will ad- 
vance with a force of 8,640 pounds. If the distance of the threads had been 
■^ an inch, the power exerted by the screw would have been doubled. In 
this illustration friction has not been taken into account; this will diminish 
the total effect nearly one fourth. 

How is the ad- 244. The advantage gained by the screw is 
by'^^^^r^ in proportion as the circumference of the circle 
estimated? dcscribcd by the power (that is by the handle 
of the lever) exceeds the distance between the threads of 
the screw. 

Hence the enormous mechanical force exerted by the screw is rendered 
evident. There is no limit to the smaHness of the distance between the 
threads except the strength it is necessary to give them ; and there is no limit 
to the magnitude of the circumference to be described by the power, except 




the necessary fiwility for moving it 

.„^ ^ - 245. xThe screw is 

Wbafc are fa- 
miliar appUca- generally used where 

t^n f **** S^** pressure is to be 
exerted through small 
spaces ; hence its application in presses 
of all kinds; for extracting the juices 
of seeds and fruits, in compressing cot- 
ton, hay, etc., as also for coining and 
punching. For the two latter opera- 
tions it is caused to act with enor- 
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xnous energy by means of the momenttim of two heavy balls attached to the 
end of a long lever, or handle, as is represented in Fig. 93. A force of sev- 
eral tons may thus be spiled at one effort. 

When the thread of a screw j»i(j, 94, 

is shown in Fig. 94, it constitntes 
what is called an endless screw. Such a cod^ ^ 
trivance is oftenthnes a very convenient method [ [ 
of applying power. 

246. The efficacy of a screw 

increases with the fineness of 

the thread ; but a practical limit 

is soon attained, for if the thread 

be made too fine, it will become 
weak, and be liable to be torn off. To obtain 



describe the 
constmctiDik 
and advantage 
of Hontex^B 
Bereir. 
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an indefinite increase of the strength of the screw 
without diminishing the strength of the thread, we 
have a contrivance known as " Hunter's screw," rep* 
resented in Fig. 95. It consists of a screw, A, work- 
ing in a nut To a movable bottom-board, D, a sec- 
ond screw, B, is affixed. This second screw works in 
the interior of A, which is hollow, and in which a 
corresponding thread is cut When, therefore, A is 
screwed downward, the threads of B pass upward, and 
the movable piece, D, urged forward by the screw 
which has the greater thread, it is drawn back by that 
which has the less ; so that during each revolution the 

' ' screw instead of being advanced through a space equal 

to the breadth of either of the threads, moves through a space equal to their 
difference. Suppose the distance between the threads of A to be X-20th of 
an inch, and of B 1-2 Ist of an inch ; then in turning the screw A once, tho 
board D will descend a distance equal to the difference between l-20th and 
1-2 1st, or the l-420th of an inch. Hence, if the circle described by the han- 
dle be 26 inches while the screw advances l-420th of an inch, the power will 
be to the weight as 1 to 8,400. 

247. All machines, however complicated, are made up of combinations of 
the six simple machines. If we examine the construction of any complex ma- 
chine, as a steam-eHginc, a loom, a spinning machine, or a time-piece, we 
shall find that they are composed of simple levers, wheels and axle?*, 
screws, etc., connected together in an endless variety of forms, to form a 
complete wb<dei 

_ ^. _. In the practical application of machinery, it rarely or never 

la the moving , xf ^^t. . ^ . ^, / •» . j. x^ 

force in ma- happens that the movmg force is capable of producmg directly, 

.*P: the particular kind of motion required by the machine to per- 
form the work to which it is adapted. Expedients must 
therefore be resorted to, by means of which the motions which the moving 
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How many 
kinds of mo- 
tion are eoH- 
■idered in ma- 
obinery? 

'Whatrlfl Bota- 
ly Motion f 



power id capable of exerting directly can be converted into those which are 
necessaiy for the purposes to which the machine is applied. 

248. The varieties of motion which occur in 
machinery are divided into two classes, viz. : 
EoTABY and Rkctilineak Motion. 

249. In Rotary Motion, the several parts 
revolve round an axis, each performing a com- 
plete circle, or similar parts of a circle, in the same time, 
-nrv * .- » 250. In Rectilinear Motion, the several parts 

What Is Bee- _ , ' ii t • i 

ttunear Mo- 01 a moviug Dody procccd m parallel straight 

lines with the same speed. 
Examples of rotary motion are seen in all kinds of wheel work, and exam- 
ples of rectilinear motion in the rod of a common pump, the piston of a steam- 
engine, the motion of a straight saw. 

WhatisRecip- ^ rotary and rectilinear motion, if the parts move con- 
roc^ifcing Mo- stantly in tiie same direction, the motion is called continued 

rotary, or continued rectilinear motion. If the parts move 
alternately backward and ftrward ui opposite directions, passing over the 
same spaces from end to end continually, the motion is called reciprocating 
motion. 

How ar« xvta- ^S^* ^^ method by which a power having one of these 
ry and r«eipro- motions may be made to communicate the same or a different 
eon^t©d'*i»to ^^^ of motion, involves a lengthy description of a great 
each other? variety of machinery; but the most simple and common plan 
of converting rotary motion into rectilinear, and rectilinear motion back again 
into rotaiy, is by means of what is called a Crank, 

252. The Crank is a double winch, or han- 
dle, and is formed by bending an axle so as 
to form four right angles, facing in opposite directions. 

It is represented complete in Fig. 96. Attached 
to the middle of C D, by a joint, G, is a rod, H, 
which is the means of imparting power to the crank. 
This rod is driven by an alternate motion, like the 
brake of a pump. The bar C D is turned with a ■ 
cffcular motion round the axis A F.* 

^gg^^ The disadvantage attending the 
use of the crank is, that it is mcapa- 



What is 
Crank? 



¥ia, 96. 



What 
vantages at- 

of the crank? ^^^ ^^ transmitting a constant force 

to the resistance. This is illustrated in Fig. 9t. 




In No. 1, 



* The terms axis, axle, arhor, and shaft, in mechanics, are generally understood to 
mean the har, or rod, whidi paons through the eeoter of a whed. Agadgeon is ibe pin, 
or support, on which a horlsontal shaft turns ; the pins upon which an upright shaft turns 
are called pivots. 
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Fig. 9*7. where the arm of tiie cremk is horizontal, the power 

from the rod acts with tlio greatest advantage, as 
at tho extremity of a lever. But when the rod 
which communicates motion stands perpendicular 
with the arm of the crank, as in No. 2, which is 
the case twice during every revolution, the power, 
however great, can exert no effect upon the resist- 
ance, the whole force heing expended in producing 
pressure upon the axle and pivots of the crank. 
Such a situation of the rod and the arm of tho 
crank is called the dead pointy and when the ma- 
hinerj stops, as is often tho case, it is said to be 
'* set," or "caught on its center." The difficulty la 
generally overcome by the employment of a fly- 
wheel (§ 21), which, by its inertia, keeps up the 
motion. 

SECTION II. 

PEIOTIOK. 

What proper. 253. The most Berious obstacle to the per- 
m»chin?^"S? fection of machinery is Friction; and it is 
lortbyfrfctioii? usually considered to destroy one third of the 
power of a machine. 

254. Friction is of two kinds : sliding and 




How 



kinds of frio- roUmff. Slidmg friction is produced by the 
sliding, or dragging oi one surtace over another ; 
rolling friction is caused by the rolling of a circular body 
upon the surface of another. 

Friction increases as Ifee weight, or pressure increases, as 
Uon^increase ?" *^® surfaces in contact are more extensive, and as the rough- 
ness of the surfaces increase. With surfaces of the same 
material, friction is nearly proportional to the pressure. 

Friction diminishes as the weight or pressure is less, as the 
tlou diminish ? polish or smoothness of the moving surfaces is .more perfect, 
and as the surfaces in contact are smaller. It may also ho 
diminished by applying to the surfaces some unguent, or greasy material: 
oils, tallow, black-lead, etc., are commonly used for this purpose; they dimm- 
ish friction by flllmg up the mmute cavities and smoothing the nregularitiea 
that exist upon the surface.* Oils are the best adapted for duninishing the 
fnction of metals, and tallow the IHction of wood. 

• AH bodlei, however nmeh ihey HMy tie poUahed, ftppetr rough and tmeren when 
ezsmined with a microacope. 
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What are the ^^^' Friction, although an obstacle in the working of ma- 
advaatages of chinery generally, is not without some advantages. Without 
^^^**"*°* Motion, the stones and bricks used m building would tend to 

fall apart from one another. When nails and screws are driven into bodies, 
with a view of holding them together, it is friction alone that maintains them 
in their places. The strength of cordage depends on the friction of the short 
fibers of the cotton, flax, or hemp, of which it is composed, which prevents 
them from untwisting. In walking, we are dependent on friction for our 
foothold upon the ground: the difficulty of walking upon smooth ice illus- 
trates this most clearly. Without friction we could not hold any body in tho 
hand ; the difficulty of holding a lump of ice Is an example of this. Without 
friction, the locomotive could not propel its load; lor if the tire of the driving 
wheel and the rail were both perfectly smooth, one would slip upon the other 
without afifording the requisite adhesion. 

256. Experiments seem to show that the friction of two 
Hon between surfaces of the Same substance is generaUy greater than tho 
sii "*?* *^ friction of two unlike substances. The fiiction of polished 
■tanoes eom^ steel against polished steel, is greater than that of polished 
V^^^ steel upon copper, or on brass. So of wood and various 

other metals. 

25*1, For transporting very heavy timbers^ or large castings^ 
^^i8™ usei ^l^eels of great size are used, as by their use the weight is 
for transport- moved with greater facility, and the roughness of the road 
wights ?^^^ more easily overcome than with small wheels. The reason 
of this is, that the large wheels bridge over the cavities of tho 
road, instead of onking into them ; and in surmounting an obstacle, the largo 
circumference of the wheel, causes the load to rise very gradually. 

Tho resistance of sliding friction is much greater than that of rolling fric- 
tion. In the wheel of a carriage there is rolling friction at the circumference 
of tho wheel, but sliding friction at the axles. In a locomotive, the so-called 
driving wheels are turned by the force of the steam-engine ; the whole car- 
riage rolls on in consequence of this rotation ; for if the locomotive were to 
remain at rest, the wheels could not revolve without sliding on the rails, and 
overcoming a great amount of sliding friction ; but by rolling, the wheels have 
only the much smaller rolling friction to overcome. The machine^ therefore^ 
moves onward, tins being the direction in which its motion will experience 
the least resistanca 

The load which a locomotive is capable of drawing depends, not only upon 
the force of its steam power, but also upon the weight of the engine, or, in 
other words, upon the pressure of the driving wheeW upon the rails, the fric- 
tion increasing with the pressure. If we assume that two locomotives have 
equally strong endues, but that one is heavier than the other, a greater 
wei^t will be propelled by the heavier of the two. 

Friction is generally resorted to as the most convenient method of retard- 
ing the motion of bodies, and bringing them to rest The different modificar 
tions of machinery employed for this purpose are termed Brakes, 
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PBACTICAL PBOBLEMS IN HEOHANICS. 

1. \fhnt muBt be the hone-power of a loeomotiYe engine irhieh moyea at the oonstant 
speed of 25 miles per hour, on a level track, the ireight of the train being 60 tons, and the 
resistanoe from firietion being equal to 480 poondsf 

2. If a lerer of the first elass hsTO its folcmm 4feet from the vdght at one end, and 
this weight be 12 pounds, what power at the other end will balance f 

3. In a lever of the first class a power of 20 at one end balances a weight of lOO at the 
other : what is the eomparatiye length of the two arms ? 

4. In a lerer of the first dass, 6 feet in length, the power is 76, and the wdg^t 150 
ponnds: where most the fulcrum be placed in order that the two may balance ? 

5. Two persons carry a weight of 200 pounds suspended from a pole 10 feet long ; one 
of them being weak can carry only 75 pounds, leaving the rest of the load to be carried 
by the other : how fiu: fnmi the end of the pole must the wdght be suspended f 

6. A lever of the second dass is 20 feet long : at what distance from the fulcrum must 
a weight of 80 ponnds be placed in order that it may be sustained by a power of 60 
pounds? 

7. In a lever of the third dass, 8 feet long, what power win be required to balance a 
weight of 100 pounds, the power being applied at a distance of 2 feet from the ftalcrom t 

8. A power of 5 pounds is required to lift a weight of SO, by means of the wheel and 
axle : what must be the proportionate diameters of the whed and axle ? 

9. A power of 60 acts on a whed 8 feet in diameter: what wdght suspended from a 
rope winding round an axle 10 inches in diameter will balazioe this power t 

10. In a set of eog-wheds the diameters of whed and axle are, first T and 3, 
second 8 and 1, third 9 and 1 : a power of 26 being applied at the circumference of the 
first wheel, what weight will be sustained at the axle of the third ? 

XL What wdght will a power of 3 sustain with a system of 4 movable pulleys, one 
cord passing round all of them? 

12. Suppose a power of 100 pounds applied to a set of 2 movable pulleys, what wdg^ht 
wiU it sustain, allowing a deduction of two thirds for friction? 

13. If a man is able to draw a weight of 200 pounds up a perpendicular wall 10 feet 
high, how much will he be able to draw up a plank 40 feet long, sloping from the top of 
the wall to the ground, no allowance bdng made for friction ? 

5oiae»<wk—In thU the power (2O0) is to the weight as the height (10 feet) of the plane 
is to its length (40 feet}« An«, 800. 

14. If a man has Just strength enough to lift a euik wdghing 106 pounds perpendicu- 
larly into a wagon 3 feet high, what weight could he raise by means of a plank 10 feet 
long, with one end resting upon the wagon, and the other on the ground? 

15. The length of a plane is 12 feet, the height is 4 feet : what is the proportion of the 
power to the wdght to be raised ? 

.^^aI^^^^"^.}^^^ ^'^ *^«'^« 0^* screw bdng half an Inch, and the drcumfcr- 
thTwa^M^ ^'^®' ^^^""^ what proportion will exist between the power and 

tHrf^'!^"^'!^*' ^^^ trffl be to the weight as half an Indi, the distance between the 
threads, is to 10 feet (MO half indies), the drcumference described by the power-1 to 240. 

•»i7':^l!^'?'^^ ^P?""^"****^ at the end of a lever attached to a screw describes a 
t^ ^^i«hes: what redstanee wiU the power overcome, the distance between the 
threads of the screw ItOag 2 inches? 



CHAPTER YII. 

OK THE STRENGTH OP MATERIALS USED IN THE ARTS, AND 
THEIR APPLICATION TO ARCHITBCTURAL PURPOSES. 



SECTION I. 

ON THE STREKGTH OF ICATEBIALS. 



tiponiriiatdoes ^^S. When materials are employed for 
f LlSri!d*d25 mechanical pm-poses, their power, or strength, 
^°*' for resisting external force, apart from the na- 

ture of the material, depends upon the shape of the 
material, its bearing, or manner of support, and the nature 
of the force applied to it. 

TTnderwhatcir- 259. A beam, or bar, will sustain the greatest 
rbS^^SStaS application of force, when compressed in the 

^e^greatert dirCCtioU of itS IcUgth. 

260. The strongest of all metals for resisting tension, or a 
Btrength?f 651- clirecc piiU, is iron in the condition of tempered steeL The 
fcrent sabstan- strength of metals is affected by their temperatore, being 
*** ^"^ diminished, in general, as their temperature is raised. Wood 

of the same kind is subjected to very great variations of strength. Trees 
that grow in mountainous or wmdy places, have greater strength than 
those which grow on plains; and the different parts of a tree, such as the 
root, trunk, and branches, possess different degrees of strength. Cords of 
equal thickness are strong in proportion to the fineness of their strands, and 
also to the fineness of the fibers of these strands. Hopes which are damp, 
are stronger than those which are dry ; those which are tarred than the un- 
tarred, the twisted than the spun, the unbleached than the bleadied. Other 
things being equal, a rope of silk is three times stronger than a rope of flax. 

How does the 261. Of two bodics of similar shape, but of 
I^cf ite^°^^ different sizes, the larger is proportionably the 
.trength? weaker.* 

* A knowledge of the strength of varlons materials In redsttng the aetloii of forces ex- 
erted in different directions, ia of great importance in the arts. In the following tables 
are collected the results of the most recent and extensiye experiments upon this satject. 
The bodies subjected to experiment are supposed to be in the form of long rods, the cross- 
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That a large body may have the proportionate strength of a smaHer, it znnsfc 
contain a greater proportionate amount of material ; and beyond a certain 
limit, no proportions whatever will keep it together, but it will fall to pieces 
by its own weight This fact limits the size, and modifies the shape of most 
productions of nature and art — of trees, of animals, of architectural or mechan- 
ical structures. 

In what posi- 262. The strength of a rectangular beam, or 
timguiarVS ^ beam in the form of a parallelogram, when 
the strongest? j^g narrow sido is horizontal, is greater than 
when its broad side is horizontal, in the same proportion 
that the width of its broad side is greater than the width 
of its narrow side. 

nonce, in all parts of structures where beams are subjected to transverse 
strain, as in the rafters of roofe, floors, etc^ they are always placed with their 
narrow sides horizontal, and their broad sides vertical. 

section of which measures a square inch ; in the second column is given the amonnt of 
breaking weights, which are the measure of their strength. 

Name. 
Ist Metals; — 
Steel, tempered.... 
Iron, bar , 

— plate, rolled.. 

— wire 

•— Swedish mal- 
leable " 

— English do. . 

— cast 

Silver, cast " 

Copper, do. 

— hammered. 
Brass, cast... 

— wire.. 

— plate.. 

Gold 

Tin 

The following table shows the average weights sustained by wires of different metals, 
each having a diameter of about one twelfth of an inch ; 

Lead 27 pounds. 

Tin 34 





lbs. lb*. 


Nanw. 
Metals;—. 




n». n>«. 


from 


114794 to 1534T1 
53182 — 84611 
53920 


Tin, cast 


....ftt>ra 


^36 


*i 


Zinc 




'^820 


t» 


Lead, wire 


(I 


2543 to S823 


i( 


68736 —112905 


2d. Woods;- 






t( 


72064 


Teak 


. . . . ** 


12915— 18«J5 


*t 


56872 


Sycamore. 


tt 


9630 


it 


16243 — 19464 
40997 


Beech 


(( 


12225 


»( 


Elm 


t( 


fl720 — 15040 


. »» 


20320 — 37380 


Larch 


. . . . ** 


10240 


(i 


37770 — 89968 
17947 — 19472 
47114 — 58931 
52240 

20490—66237 
3228— 0666 


Oak 


(( 


10367 — 25351 


t( 


Alder 


(( 


11453 — 21730 


ti 


Box 


it 


14210 — 24043 


**. 


Ash 


ti 


1.3480 — 28455 


tt 


Pine 


tt 


10038 — 14965 


it 


Fir 


it 


6991 — 12876 



Zinc. 
Gold. 



109 
150 



Silver 187 ponnds. 

Platinum 274 " 

Copper 303 " 

Iron 549 



Cords of different materials, but of the same diameter, sustained the following weights : 

Common flax 1175 ponnds. } New Zealand flax 2380 pounds. 

Ilemp 1633 " | Silk 3400 " 

The following table shows the weights neoessary to crush columns or pillars composed 
of different metals ; the numbers expressed in the second column being the total crush- 
ing weight in lbs. per square inch : 



NBm*». lbs, 

1st Metals: 

Cast iron firom 115813 to 177776 

Brass, fine " 164864 

Copper, molten.... " 117088 

— hammered. " 103040 

Tin, molten •• 15456 

Lead, molten " 7728 



Name. lb*. lbs. 

2d. Woods:— 

Oak from 3860 to 514T 

Pine " 1928 

Elm " 1284 

3d. Stones:— 

Granite " 4970 

Sandstone " 2556 

Brick, weU baked " 1092 
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The strength of a structure depends, in a very great degree, on the manner 
in Tvhich the several parts are jomed together, and by a skillfhl oombmation, 
or interlockmg, very weak and fragile materials may be made to resist the 
action of powerful forces. Examples of this occur in the manufacture of 
ropes, strings, thread, etc. ; hi the weaving of baskets, and especially in ^o 
Btructure of do^ ; in this last instance, a series of paraUel threads called the 

Kwo/, is made to interlock with 
another series of threads called 
the warp, running transversely 
across, and passing alternately 
over and under the first series. 
Fig. 98 represents the appear- 
ance of a piece of plain doth 
seen through the microscope; 
the alternate intersections of 
the threads are seen in the 
lower figure, the dots repre- 
senting the ends of the warp 
threads, and the cross line the woof 

263. When a single beam can not be found deep enough 
to have the strength required in any particular case, several 
"beams may be joined together, in a variety of ways, so that 
very great strength is obtained without a very great increase 
of bulk. Such methods of joining timber are known as 
scarfing and interlocking, tonguing, dovetailing, mortis- 
ing, etc. 

Pig. 99. 





264. Scarfing and interlocking is the method 
log and Serl of inscrtiou in which the ends of pieces over^ 
locking? ^^^ ^^^^ othevy and are indented together, so 

as to resist the longitudinal strain by extension, as in tie 
bearers and the ends of hoops. (See Fig. 99.) 

265. Tonguing is that method of insertion in which tho 
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What is mor- 
tising r 



Pick 101. 



What i« edges of boards are wholly, or partially leceived 

tongoing? |jy channels m each other. 

whatisdoT- '266. DovetaiUng is a Fia^o. 

***^6? method of insertion in 
which the parts are connected hy ^^> 
toedge-shaped indentations which per- 
mit them to be separated only in one 
direction. (See Fig. 100.) 

267. Mortising is a method of insertion in 
which the projecting extremity of one timber is 

received into a perforation in another. (See Fig. 101.) The 

opening or hole cut in 
one piece of wood to re- 
ceive or admit the pro- 
jecting extremity of an- 
other piece, is called a 
mortise ; and the end of 
the timber which is re- 
duced in dimensions so 
as to be fitted into an[K)r- 

tise, for fastening two timbers together, is called a tenon. 

268. The form in which a given quantity of 
matter can be arranged in order to oppose the 
greatest resistance to a bending force, is that 
of a hollow tube, or cylinder ; and the strength 
of a tube is always greater than the strength 

of the same quantity of matter made into a solid rod. 

Wh t ii ""^^ ^^^ beautifol and striking iflnstrations of this princi- 

lustrations of pie occoT in nature. The bones of men and animals are bol- 
this principle f j^^^ ^nd nearly qrlindrical, because they can in this form, 
with the least weight of material, sostaan the greatest foroe. The stalks of 
numerous species of vegetables, especially the grain-bearing plants, as wheat, 
rice, oats, etc., which are reqmred to bear the weight of the ripened ear of 
grain, or seed, are hollow tubes, and their strength, compared with their 
lightness, is most r^narkable. In this form they not only sustain the crush- 
ing weight of the ear which they bear at the summit, but also the force of the 
wind. In the construction of columns for architectural purposes, especially 
those made of metal, this principle is taken advantage of.* 
* la that most i^gantlc vork of modem eiigineeiing, the BritAnola Tobolar Bridget 




In -vrhat form 
can a given 
quantity of 
matter be ar- 
ranged to op- 
pose the great- 
est resistance? 
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269. A beam, supported at its two end% when bent by its 
bSr^to^'S weight m the middle, has its liability to break greatiy in- 
middle Ual)le creased, because the destroying force acts with the advantage 
to break? of a ton^ lever, reaching fix>m the end of the beam to the cen- 

ter; and the resi8<i»^/o«w<w strength acts only with the fiace of a a/i^w-^i^ 
from the side to the center j at the same time, a Uttle only of the beam on the 
iinder ade is allowed to resist at alL 

This last circumstance is so remarkable, that the scratch of a phi on the 
under side of a beam, restmg as here supposed, wfll sometimes suffice to begin 
the fracture. 

SECTION II. 

APPLICATION or MATBBIAIS rOB ABOHirBCTUBAL OB STBUOrUBAL FUBPOSBS. 

TOutttoArchi. 270. Architecture, in its general sense, is the 

^*^^ art of erecting buildings. In modem use, the 

name is often restricted to the external forms, or styles of 

"buildings. 

The different varieties of architecture undoubtedly owe their 
tti ''^ferent origin to the rude structures which the dimate or materials of 
▼arieties of ^^y country obliged its early inhabitants to adopt for tempo- 
^Siblj^Jwe raiy shelter. These structures, with all theh* prominent fea- 
iheir origin y ^^^g^ y^y^ i^qqj^ afterward kept up by their refined and 
opulent posterity. Thus the Egyptian style of architecture had its origin in 
the cavern, or mound. The Chinese architecture is modeled ficom a tent ; the 
Grecian is modeled from the wooden cabhi; and the Gothic, it has been sug- 
gested, from the bower of trees. , .,,. .„ . . 

271. The strength of a building mil prmci- 

On Tfhat docs *" * , ^ ,, i . i • i j 

the strength of ^oTiy depend ou the waUs oemg laid on a good 
dpauydependj j^q^ firm foundation, of Bumcient tmckneBS at 
the bottom, and standing perfectly perpendicular. Its 
usefulness will depend upon a proper arrangement of its 
parts. 

c™«tog the MenM Stodto, wUch Hp«t. the Uwd of AngU«. fr<»i. the i»i|MM.a of 
Sr^Brttito, adrurtage hM teen taken of the *rei«th of matter .rr«ged to the f^ 

ff^SnJhono, cyTder. The entl« hridge to formed .f «»»«r. "^"f?!' *?^ 
of Iron, 26 feet high ta the eenter, 14 feet wide, and haWngan a>tire tongth of «" fefj. 
,1th aielevatloTkhore the water of more thanlOO feet The dde. of th«tab««^-^^ 

compos of nmdier tnhe^ mdted together to a pecntttr »*^f • " "*" »^1* '' 
maimnm of rtrength from the form of rtmctore: and » great to *"» j*r^?\*l» 
trato of loaded ear., wdghtog 280 ton., and taipeUed wltt «»•* velod^, defiecto tt. 
tubes In their center, lew Uum three fonrth. of an Inch The enHre weight of ttetabe. 
compering thtohridgeto«pw.rdoflO,600toni^ the length of two ofthe^MUordUtocc. 

between L potato ef .npport, being 480 feet ««*. The »me '^"U^^boa to the form 
of a f»ua rod or fceam, w«»ild not protaWy have iortatoed Ito own weli^ 
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«^ .. « . 272. A PILE, in architecture and engineer- 
mg, IS a cylinder of wood or metal pointed at 
one extremity, and driven forcibly into the earth, to servo 
as a support or foundation of some structure. It is gen- 
erally used in marshy or wet places, where a stable found- 
ation could not otherwise be obtained. 

Wh are col- ^ constructing columns for the support of the various parts 
umns support- of a building, or of great weights, they are made smaller at 
larger ^t tlS *^® *^P *^*^ ®'* *^® bottom, because the lower part of the 
bottom than column must sustain not only the weight of the superior part, 
^ ^ but also the weight which presses equally on the wbolo 

column. Therefore the thickness of the column should gradually decrease 
from bottom to top. 

What 18 an 273. Au ARCH is a concave or hollow struct- 
arch? ^j.^^ generally of stone or brick, supported by 
its own curve. 

The base of an arch is supported by the support upon which it rests, while 
all the other parts constituting the curve are sustained in their positions by 
their mutual pressure, and by the adhesion of the cement interposed between 
their surges. 

A broad arch is termed a vault. 

^ An arch is capable of resisting a much greater amount of 

stronger than pressure than a horizontal or rectangular structure constructed 
8tru<Sur ?****^ of the same materials, because the arrangement of the mate- 
rials composing the arch is such, that the force which would 
break a horizontal beam or structure is made to compress all the particles of 
the arch alike, and they are therefore in no danger of being torn or overcome 
separately. 

What Is an 274. Au abutmcut, or springing of an arch, 
abutment? jg ^j^^ jj^p ^f ^jj^ ^gjj which Tcceives the first 
arch stones. 

A beautiful application of the principles of the arch exists 

lustrations of ^ the human skull, protecting the brain. The materials are 

the principles here arranged in such a way as to afford the greatest strenelh 

of the arch? ..,.,, ^ .,.««,„ i. . x_ ? j 

with the least weight The shell of an egg is constructed 

upon the principle of the arch; and it is almost impossible to break an egg 
with the hands, by pressing directly upon its ends. A thin watch-glass, for 
the same reason, sustains great pressure. A dished or arched wheel of a 
carriage is many times stronger to resist all kinds of shocks than a perfectly 
flat wheel A fhll cask may fell without damage, when a strong square box: 
would be dashed to pieces. 

What is an 275. Bj au ordor in architecture we under- 
toct^ir?"*"^^" stand a certain mode of arranging and decor- 
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ating a column, and the adjacent parts of the etnictare 
which it supports or adorns. 

How many or- 276. Fivc orders are recognised in architec- 
d^^arcM. ture— the Doric, Ionic, and Corinthian, de- 
there? yjy^ g^^^ ^Jjq Grceks ; to these the Romans 

added two others, known as the Tuscan and Composite. 
What is a H- 277. A Pikstcr is a square column gener- 
**•**'' ally set within a wall, and not standing alone. 
whatisaPor. 278. A Pottico is a continued range of col- 
umns, covered at the top to shelter from the 
weather. 

What are Bai- 279. Balustcrs are small columns, or pillars 
asters f ^f -^qq^j^ stono, ctc, uscd in terraces or tops 
of buildings for ornament ; also to support a railing. When 
continued for some distance, they form a balustrade. 
Into what two 280. An order, in architecture, consists of 
S^r^^arcS t^o principal members— the column and the 
tecturediTided? eutablature— cach of which is divided into 
three principal parts. 

What is the 281. The Entablature is the horizontal con- 
Entawature? tiuuous portiou which rcsts upon a row of 
columns. 

Into how many It IS diyided into the ardiitraY6| which is the lower part of 
SSutauS^^ the Entablature; the frieze, which is the middle part; and 
videdf the cornice, which is the upper, or projecting part 

282. The column is divided into the base. 

Into how many * 

p^ '^'J^'t,. the shaft, and the capital 

eolanm divided ? ^ *,..-, 

The base is the lower part, distinct fiomthe shaft; the 

shaft is the middle, or longest part of the column ; the capital is the upper ^ or 

ornamental part resting on the shaft. 

The height of a column is always measured in diameters of the column 

itself taken at the base of the shaft. Thus we say the height of the Doric 

column is six times its diameter, and the height of the Corinthian, ten diam- 

etersL Fig. 102 represents the various parts of an order of architecture. 

What is the 283. The Fa5ade of a building is its whole 
itt?' ' front. 

Architecture ought to be considered as a useful, and not as 
a fine art. It is degrading the fine arts to make them entirely subservient to 
utility. It is out of taste to make a statue of Apollo hold » (WDtUe, w a fine 
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painting stand as a fiie-board. Our houses are for use, and architecture Is, 
therefore, one of the useful arts. In building, we should plan the insido first, 
and then the outside to cover it It is in bad taste to construct a dwelling- 
'house in the form of a Grecian temple, because a Grrecian temple was intended 
for external worship^ not for a habitation, or a place of meeting.* 



EatoUatnre.. 



Cotaiim., 



Stylobate, or Fo- ^ 




Plinth. 



284. In selecting a stone for architectural purposes^ we may 
be able to form an opinion respecting its durability and per- 
manence. By visiting the locality from whence it was ob- 
tained, we may judge from the surfiices which have been long 
exposed to the weather if the rock is liable to yield to atmos^ 
pheric influences, and the conditions under which it does so. For example, 
if the rock be a granite, and it be very uneven and rough, it may be inferred 
that it is not very durable; that the feldspar, which forms one of its compo- 



Hov may an 
estimate of the 
duraMlity of 
stone for archi- 
tectural pur- 
poses be made? 



* Prof. Henry. 
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neaat parta^ is more readfly decomposed by the action of moisttire and frost 
than the quartz, which is another ingredient; and therefore it is veiy nnsuit- 
able for building purposes. Moreover, if it possess an iron-brown or rusty 
appearance, it may be set down as highly perishable, owing to the attraction 
which this iron has for oxygen, causing the rock to increase in bulk, and so 
disintegrate. 

Sandstones, termed freestones, are iU adapted for the external portions of 
exposed buildings, because they readily absorb moisture ; and in countries 
where frosts occur, the freezing of the water on the wet sur&ce oonlinually 
peels off the external portions, and thua^ in time, all ornamental woric upon 
the stone will be de&ced or destroyed. 



CHAPTER VIII. 

HYDROSTATICS. 

^SL»rfH*! 285. Hydrostatics is that department of 
drostaticsr Physical Science which treats of the weight, 
pressure, and equilibrium of water,* and other liquids at 
rest. 

* Water is a fluid composed of oxygen and hjrdrogen, in the proportion of 8 parts of 
oxygen to 1 of hydrogen. It is one of the most abundant of aU substances, oonstitating 
three fbnrths of the ireight of living animals and plants, and covering aboat threo-flfkhs 
of the earth*s surface, in the form of oceans, seas, lakes, and rivers. 

In the northern hemisphere the proportion of land to irater is as 419 to 1000 ; while in 
the southern hemisphere it is as 129 to 1000. The maximum depth of the ocean has never 
b^n ascertained. Soundings were obtained in the South Atlantic in 18S3, betveen Rio 
Janeiro and the Cape of Good Hope, to the depth of 48,000 feet, or about 9 miles. Other 
soundings, made during the recent XT. S. survey of the Gulf Stream, extended to tho 
depth of 34,200 feet without finding bottom. The average depth of the ocean has been 
estimated at about 3000 feet. 

Notwithstanding this apparent immensity of the ocean, yet, compared with the whole 
bulk of the earth, it is a mere film upon its surlSue ; and if its depth were represented on 
an ordinary globe, it would hardly exceed the coating of vanish placed there by the 
manufacturer. 

The source of all our terrestrial waters is the ocean. By the action of evaporation upon 
its surface, a portion of its water is constantiy rising into the atmosphere in the form of 
vapor, whidi again descends in the form of rain, dew, fog, etc. These waters combine to 
form springs and rivers, which all at last discharge into the ocean, the point from which 
they originally came, thus forming a constant round and circulation. "All the rivers 
run into tho sea, yet the sea is not foil,*' because the quantity of water evaporated from 
tiie sea exactiy equals the quantity poured into it by the rivers. In nature, water is 
never found perfectly pure ; that which descends as rain is contaminated by the impuri- 
ties it washes out of the air; that which rises in springs by the substances it meets with 
in the earth. Any water which contains less than fifteeH grains of solid mineral matter in 
a gallon, is conddered as comparatively pure. Some natural waters are known so pure 
that they contain only 1.20th of a grain of mineral matter to the gallon, but such instances 
are very rare. Water obtained from different sources may be classed, as regards ooa« 
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AreiiiuidflOMtt. 286. Liquids have but a Blight degree of 

pressible and ., .,. -i i • • -» 

eiMtic? compressibility and elasticity, as compared 

'with other bodies. 

287. The elasticily of water may be fihown in various wa^s. 
trattona" f ihl When a flat stone is thrown so as to strike the surface of 
elasticity of w»- ^atw neariy horizontally, or at a slight angle, it rebounds 

with considerable force and frequency. Water also dashed 
against a hard sur&ce shows its elasticity by flying ofif in drops in. angular 
directions. Another fiuniliar example of the elasticity of water is observed, 
when we attempt to separate a drop of water attached to some surfiice for 
which it has a strong attraction. The drop will elongate, or allow itself to bo 
drawn out to a considerable degree, before the cohesion of ita constituent par- 
ticles is wholly overcome; and if the separating force is at any time relaxed, 
or discontinued, the elasticity of the water will restore the drop to very nearly 
its original form and position. Kercury is much more elastic than water, and 
rebounds from a reflecting surface with considerable velocity and violence. 
The exercise of both the elastic and compressive principle is, however, so ex- 
tremely limited in liquids, that for all practical purposes tiiis form of matter is 
regarded as inelastic and uncompressible; or, in other words, the elasticity 
and compressibility of water produce no appreciable effects. 
To what ex- '^^ compressibility of water is not so easily demonstrated 
tent has water as is its elasticity, although the elasticity is a direct conse- 
proraedT"" quent of the compressibility. An experiment of Mr. Perkins 

showed that water, under a pressure of 15,000 pounds to the 
square inch, was reduced in bulk 1 part in 24. 

In viiat man. ^^^' ^ ^^"^^ bodies, as haa been already shown (g§ 34, 
nerdothepar- 36), the attractive and repulsive forces existing between the 
taciesof Uqi^^ P^*cles are so nearly balanced, that the particles move upon 
each other F each Other with the greatest fitcility. The particles which 

make up a collection of fine sand, or dust, also move upon 
each other with great facility : but the particles of a liquid possess this addi- 
tional quality, viz., that of moving upon themselves without friction. The 
particles of no solid substance, however fine they may be rendered, possess 
this property. 

2S9. From this is derived a great fundamental principle lying at the basis 
of all the mechanical phenomena connected with liquid bodies, viz. :-^ 

paratiTB parity, as follows ; Bain water moBt be considered as the purest nataral watc~, 
especially that which falls in districts remote from towns or habitations ; then comes 
river water; next, the water of lakes and ponds; next, spring^ waters ; and thentbe 
waters of mineral springs. Succeeding these, are the waters of great arms of the ocean, 
into which immense rivers discharge their volnmea, as the water of the Black Sea, which 
is only brackish ; then the waters of the ocean Itself: then those of the Mediterranean 
and other inland seas; and Uist of aH, the waters of those lakes which hare no ontlet, as 
the Dead Sea, Caspian, Great Salt Lake of Utah, etc. etc 

An natural waters contain air, and sometimes other gaseous substances, fishes and 
other marine animals are dependent upon the air which water contains for tiieir respira- 
tion and ezlsteuce. It is owing to the presencQ of air in vater that it fparkles and 
bubbles. 
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What gr«at lair 
constitutes the 
basis of «U the 
mechanical 
phenomena of 
liquids ? 



Fig. 103. 




290. Liquids transmit pressure equally in 
all directions. 

This remarkable property constitutes a very characteristio 
distinction between solids and liquids ; since solids transmit 
pressure only in one direction, viz., in the line of the direction 

of the force acting upon them, while liquids press equally in all directions, 

upward, downward, and sideways. 

,,. _^ . x^ In order to obtain a clear 

Illustrate the j _j. j* * x^. • • 

equality of Understanding of the pnnci- 

SidT"'^ ^ "'^' P^® ^^ *^® equality of pressure 
in liquids, let us suppose a 

vessel, Fig. 103, of any form, in the sides of 

which are several tubular openings, ABO 

D E, each closed by a movable piston. If 

now w^ exert upon the top of the piston at 

A, a downward pressure of 20 pounds, this 

pressure will bo communicated to the water, 

which will transmit it equally to the internal 

fiice of all the other pistons, each of which 

will be forced outward with a pressure equal to 20 pounds, provided their 

surfaces in contact with the water are each equal to that of the first jHSton. 

But the same pressure exerted on the pistons is equally exerted upon all parts 

of the sides of the vessel, and therefore a pressure of 20 pounds upon a square 

inch of the sur&ce of the piston A, will produce a pressure of 20 pounds upon 

every square inch of the interior of the sor&ce of the vessel oontaining the 

liquid. 

FlO. 104. The same principle may 

also be shown by another 
experiment. Suppose a 
cylinder. Fig. 104, in which 
a piston is fitted, to termi- 
nate in a globe, upon the 
sides of which are little 
tubular openings. If the 
globe and the cylinder are 
filled with water, and the 
piston pressed down, the 

liquid will jet out equally from all the orifices, an^ not solely from the one 

which is in a direct line with, and opposite to the piston. 

291. This property of transmittmg pressure equally and 
ner may a ii<i- finely in every direction, is one in virtue of which a liquid 
uid act as a becomes a machme, and can be made to receive, distribute, 

and apply power. Thus, if water be confined m a vessel, 
and a mechanical force exerted on any portion of it, this force wll be at once 
transmitted throughout the entixe mass of liquid. 
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'WhatiBtlieHy. ^® eifects of the practical application of this prmciple aro 
drostatic Pan. go remarkable that it has been called the Hydrostatic Para- 
dox, since the weight, or force, of one pound, applied thirmgh 
the medium of an extended sur&ce of some liquid, maj be made to produce 
a pressure of hundreds, or even thousands of pounds. Thus, in Fig. 105, A 
Fia. 106. ^^^ ^ ^"^ ^^^ (flinders containing water conoected 

by a pipe^ each fitted with a piston in such a way as 
to render the whole a close vessel. Suppose the 
area of the base of the piston, ;?, to be one squaio 
I ^ inch, and the area of the base of the piston, P, to be 
1,000 square mchea Now any pressure applied to 
the small piston will be transmitted by the water to 
the large piston ; so that eveiy portion of surface in 
the large piston will be pressed upward with the 
same force that an equal portion of the surface in the small piston is pressed 
downward. A pressure, therefore, of 1 pound actmg on the base of the pis- 
ton Pj will exert an outward pressure of 1,000 pounds acting on the base of 
the piston F ; so that a weight of 1 pound resting upon the piston jp, would 
support a weight of 1,000 pounds resting upon the piston P. 

The action of the forces here supposed differs in nothing 
?**^ *** J^® fix)m that of like forces acting on a lever having unequal 
in the Hydro- arms m the proportion of 1 to 1,000. A weight oi 1 pound 
compare'^Uh ^^'^^ 0^ *^® longer arm of such a lever, would sa|^>ort, or 
the forcea act- raise a weight of 1,000 pounds acting on the shorter arm. 
Ifl^teTerf*™* ^® ^^^^ contamed in the vessel, in the present case, acta 
as the lever, and the inner sur&ce of the vessel oontaining 
it acts as the fulcrum. If the piston p descends one inch, a quantity of 
water which occupies one inch of the cylinder a will be expelled from it, and 
as the vessel A a is filled in every part, the piston P must be forced upward 
until space is obtained for the water which has been expelled from the cylin- 
der a. But as the sectional area of A is 1,000 times greater than that of a, 
the height through which the piston P must be raised to give this space, will 
be 1,000 times less than that through which the piston p has descended. 
Therefore, while the weight of 1 pound on p has moved through 1 inch, tho 
weight of 1,000 pounds on P will be raised through only 1-1, 000th part of an 
inch. If this process were repeated a thousand limes the weight of 1,000 
pounds on P would be raisod through 1 inch ; but in accomplishing this, the 
weight of 1 pound acting on P would be moved successively through 1,000 
inches. The mechanical action, therefore, of the power in this case, is ex- 
pressed by the force of 1 pound acting successively through 1,000 inches, 
while the mechanical effect produced upon the resistance is expressed by 1,000 
pounds raised through 1 inch. 

What is a Hy- ^92. The Htdraulic, or Hydrostatic 
drauuc Press? Press, is a machine arranged in such a man- 
ner^ that the advantages derived from the principle that 
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liquids transmit pressure equally in all directions, may be 
practically applied. 

The principle of the constraction and action of the hydraulic press is ex- 
plained in the preceding paragraph (§ 291), and Fig. 105, represents a section 
of its several parts. j^^^ ^^^ 




Fig. 106 represents the hydraulic press as constructed for practical purposes. 
In a small cylinder, A, the piston of a forcing-pump, P, works by means of 
the handle M. The cylinder of the forcing-pump. A, connects, by means of a 
tube, K, leading from its base, with a large cylinder, B. In this moves also 
a piston, P, having its upper extremity attached to a movable iron plate, 
which works freely up and down in a strong upright frame-work, Q. Be- 
tween this plate and the top of the frame-work the substance to be pressed i«; 
placed. To operate the press, water is raised in the forcing-pump, A, by 
raising the handle M, from a small reservoir beneath it, a; by depressing tbo 
handle, the water filling the small cylinder A is forced through a valve, B, 
and the pipe K, into tiie larger cylinder B, where it acts to raise the lar^r 
piston, and causes it to exert its whole force upon the object confined be- 
tween the iron plate and the top of the frame-work. If the area of the base 
of the piston jp is a square inch in diameter, and the area of the base of the 
piston P 1,000 square inches, then a downward pressure of one pound on p 
will exert an upward pressure of 1,000 pounds on P. 
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Ab thus coDStractedy the hydraulic press ooDStitutes the most powerfii] 
mechanical engine with which we are acquainted, the limits to its power 
being bounded only bjr the strength of the machinery and materiaL By 
means of this press, cotton is pressed into bales, ships are raised from the 
water for repair, chain-cables are tested, etc. eta 

wm isqajd0 2^3- -^ liquids transmit pressure equally in 
JT'^reu'^M all directions, it follows that any given portion 
downward? ^f ^ Kquid Contained in a vessel wilj press up- 
ward upon the particles above it, as powerfully as it 
jjresses downward upon the particles below it. 

„ . ^^ This fact may be illustrated by means of 

How is the up- "^ 

ward preanire the apparatus represented in Fig. 107. If 

b^^« ^^rfSSS * P^**® ^ "'®^' ^» ^ ^®^^ against the bot- 
tom of a glass tube, g, by means of a stringy 
Vf and iDomersed in a vessel of water, the water being up to 
the level n «, the plate B will be sustained in its place by the 
upward pressure of the water ; to show that this is the case, ^ | 
it is only necessary to pour water into the tube g^ until it 
rises to the level n n, when the plate will inmiediately fiiU, 
the upward pressure below the plate B bemg neutralized 
by the downward pressure of the water in the tube g, 

" Some persons find it difficult to understand why there 
should be an upward pressure in a mass of Hquid, as well 
as a downward and lateral pressure. But if in a mass of 
liquid the particles below had not a tendency upward equal 
to the weight, or downward pressure <^ the particles of liquid above them, 
they could not support that part of the liquid which rests upon them. Their 
tendency upward is owing to the jvessure around them from which they are 
trying to escape."* 

294. The pressure exerted by a 
column of liquid is proportioned to, 
or measured by the height of the 
column, and not by its bulk, or 
quantity. 

If we take a tube in the form of the letter XT, VfiQx one of its 
branches much smaller than the other, as in Fig. 108, and pour 
water into one of the branches, we shall find that the liquid 
will stand at the same hdght in both tubes. The great mass 
of liquid contained in the large tube, A, exerts no more press- 
ure on the liquid contained in the small tube, D, than would a 
smaller mass contained in a tube of the same dimensions as D. 
And if A contained 10,000 times the quantity of water that D 
contamed, the water would rise to no greater elevation in D 

than in A. 

•Aroott 
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presaure of a 
column of Hq- 
nid propor- 
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"What Is the 
prin^ple and 
action of fhs 
HydrostaUe 
Bellows? 



Pi(J. 109. 



^^ 



The principle that the pressure exerted by a column of 
water is as its height, and not aa its quantity, may be also 
illustrated by the Hydrostatic Bellows, Fig. 109. This con- 
sists of two boards, B C and D B, united together by means 
of doth, or leather, A, as in a common bellows. A small ver- 
tical pipe, T, attached to the side communicates 
with the interior of the bellow* Heavy weights, 
W "W, are placed upon the top of the bellows 
when empty. If water be poured into the verti- 
cal pipe, the top of the bellows, with the weights 
upon it, will be lifted up by the pressure of the 
water beneath ; and as the height of the column 
of water increases, so in like proportion may the 
weights upon the top of the bellows be increased. 
It is a matter of no consequence what may be the 
diameter of the vertical tube, smce the power of 
the apparatus depends upon the height of the col- 
umn of water in the small tube, and the area of 
the board, BO; (hat iSj the weight ofaamaU coir 
wm of water in the verticcd pipe, T,unUle cap<Me 
of supporting a weight upon the board, B C> greaier 
(hmfkG weight of the waiter in (he pipe, in (hasame 
?D proportion as the area of board B C is grealerlhan 
ihe sectional area of (he bore of (he pipe. Thus, if 
the area of the bore of the pipe be a quarter of an inch, and the area of the 
board forming the top of the bellows a square foot, then the proportion rfthe 
pipe to the board will be that of 576 to 1 ; and, consequently, the weigni 
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FlO. 110. 



What are fl- 
Instratire ex- 
amples of the 
pressure of 
iiqaids? 



capable of being supported by the board will be 676 times 
the weight of the water contained in the pipe. 

In this manner a strong cask, a, ^g. 110, 
filled with liquid, may be burst by a few 
ounces of water poured into a long tube, b c, 
communicating with the interior of the cask. 
This law of pressure is sometimes exhibited 
on a great scale in nature, in the bursting of rocks, or mount- 
ains. Suppose a long vertical fissure, as in I^. 111| to oom- 
municato with an internal cavity formed in a mountain, witii- 
oat any outlet. Now, when the fissure and cavity become 
filled, an enormous pressure is exerted, sufficient, it may be, 
to crack, or disrupture, the whole mass of the mountaia 
' The most strikmg effects of the pressure of the water at 
great depths are exhibited in the ocean. If a strong, square 
glass bottle, empty and firmly corked, be sunk in water, its 
sides are generally crushed in by the pressure, before it has 
reached a depth of 60 feet. Divers plunge with impunity to 
certain depths, but there is a limit beyond which they can not sustain the 

6* 
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immense pressure on the bod/ 
exerted bj the water. It is prob- 
able, also, that there is a limit of 
depth beyond which each £pe- 
cies of fish can not live. The 
principle of the equal transmis- 
sion of pressure by liquids, how- 
eyeri enables fishes to sustain a 
yery great pressure of water 
without being crushed by it; 
the fluids contained within them 
pressing outward with as great a 
force as the liquid which sur- 
rounds them presses inwards. 
"When a ship fomiders at sea, the great pressure at the bottom forces the 

water into the pores of the wood, and increases its weight to such an extent 

that no part can erer rise again. 

295. The pressure upon the bottom of a vessel 
containing a liquid, is not eflfected by the shape 
of the vessel, but depends solely upon the area 
of the base, and is depth below the surface. 

This arises from the law of equal distribution of pressure in Uquids. Fig. 

112 represents two different vessels 

havmg equal bases^ and the same per- 

I pendicukr depth of water in them- 

I Although the quantity of water con- 

! t£dned in one is much greater than in 

the other, the pressure sustained by 

"^ these bases will be thesame. 

In a conical vessel, Fig. 113, the 
base, D, sustains a pressure measured by the height of the column, ABC 
D ; for all the rest of the Uquid only presses on A B G D laterally, and resting 

FiO. 113. Fia 114. 



Upon what does 
the pressare 
upon the bot- 
tom of a Teasel 
containing liq- 
uid depend t 
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on the sides, B and P D, can not contribute any thing to the pressure on 
the base, G D. But in a conical vessel, of the shape represented in Fig. 114, 
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Ho^w can we 
calculate the 
pr^HSore upon 
the bottom of 
a Teflsel con- 
taining water f 



the pressnro on A B a portion of the base, B F, is measured by fhe colomn 
A B G D as before ; but the other portions of the liquid not resting on the 
Bides also press upon the bottom, E F ; and as the pressure of the column A 
B C I) is transmitted equally, every portion of the base, B F, sustains an 
equal pressure as that portion of the base, A B, which is directly beneath the 
column, A B D ; therefore the whole pressure on the base, B F, is the 
same as if the vessel had been cylindrical, and filled throughout to the height 
indicated by the dotted lines^ Gt H. 

296. Hence, to find the pressure of water upon the bottom of any vessel, 
we have the following rule : 

297. Multiply the area of the base by the 
perpendicular depth of the water, and this 
product by the weight of a cubic foot of 
water.* 

Thus, suppose the area of the base of a vessel to be 2 square feet, and the 
perpendicular depth of the water to be 3 feet; required the pressure on 
the bottom of the vessel, the weight of a cubic foot of water being assumed 
to be 1,000 ounces (see § 82). 

2X3—6 cubic feet 

6X1,000—6,000 oz.— pressure on the base of the vessel 

* *» The actaal pressure of water may also be ealealated from flM following data. It to 
aaeertained that the weight of a cable inch of water of the common temperatore of 6S* 
Fahrenheit, Is a portion of a ponnd expressed by the decimal 0*036066. The pressore, 
therefore, of a column of water oue foot high, having a square inch for ita base, wiU be 
fonud by multiplying this by 12, and consequently will be 04S28 lb. 

** The pressure produced npon a sqnare foot by a column one foot hlgii, wiH be found 
by multiplying this last number by 144, the number of square inchea forming a square 
foot; it will therefore be 62*3232 lbs. 

TttNe showing thepnsmre in lbs. per sqwxrs inch and square foot^ pnduesd tfy wxter 
at vanous depths. 



%*- 


Square Inch. 


Pressure per 
Square Foot. 


BJ5.J. 


t^sn^. 


PreMoreper 
Square Foot. 




lbs. 


lbs. 




lbs. 


lb& 


I. 


0-4328 


62-3232 


VI. 


2-5068 


873-9392 


IL 


0-8656 


124-6464 


VII. 


8-0296 


436-2624 


IIL 


1-2984 


186-9696 


vin. 


8^1684 


498-6856 


IV. 


1-7312 


249-2928 


IX. 


8-8982 


660-9088 


V. 


2-1640 


311.6160 


X. 


4*3280 


623*2320 



" By the aid of the above table, the actaal pressure of water on each part of the surfiuse 
of a vessel containing it can always be determined, the depth of such part being given. 
Thus, for example, if it be required to know the pressure upon a square foot of the bot- 
tom of a vessel where the depth of the water is 26 feet, we find, from the above table, that 
the pressure npon a square foot at the depth of 2 feet is 124*6464 lbs. ; and, consequently, 
the preasnre at the depth of 20 feet is 1246-464 lbs. ; to this, let the pressure at the depth 
of 6 feet, as given in the table, be added: 1246-464+311 •616=1668*080 lbs., which is, there- 
fore, the required pressure. 

*' If the Uquid contained in the vessel be not water, but any other whose relative weight 
compared with water is known, the calculation is made first for water, and the result being 
multiplied by the number expresatog the proportion of the weight of "the given Uquid to 
that of water, the result will be the required pressure."— Zordnsr. 
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Boir it the 298. As liquids transmit pressure equally in 
fiJSw'ex^ ^11 directions, this pressure will act sideways 
laterauy? q^ ^gjj ^g clownward, and the pressure at any 
FiQ 115. point upon the side of a vessel con- 

taining a liquid, will be in propor- 
tion to the perpendicular depth of 
that point below the sur&ce. 

Fig. 115 represents a vessel of water with 
orifices at the side, at dififerent distances troox 
the surface. The water will flow out with a 
force proportionate to the pressure of the wat» 
at these several points, and this pressure is 
proportionate to the depth below the surface. 
ThuSf at a the water will flow out with Hie 
least force, because the pressure is least at that 
point. At b and c the force and pressure will be greater, because they are 
situated at a greater depth below the sur&ce. 
^ ^^ 299. To find the pressure upon the side of a 

How may the , , *■ i . ■■ i *» 

pressure upon vcssel Containing water, multiply the area of 
vessel of water the sidc by ouc half its whole depth below the 
surface, and this product again by the weight 
of a cubic foot of water. 

Suppose A 0, Fig. 116, to represent the section of the 
side of a canal, or a vessel filled with water, and let iho 
whole depth, A 0, be 10 feet: then at the middle pointy 
B, the depth, A B, will be 5 feet Now the pressure at 
C is produced by a column of water whose depth b 10 
feet, but the pressure at B is produced by a column 
whose depth is 5 feet, which is the average between the 
pressure at the sur&ce and at the bottom, or the average of the entire pressure 
upon the side. Hence the total pressure upon the side of a vessel containing 
water will be equal to the weight of a column of water whose base is equal to 
the area of that side, and whose height is equal to one half the depth of tho 
liquid in the vessel, or, in other words, to the depth of the middle point of the 
side below the sur&oe. 

wh h Id -A.sthe pressure upon the sides of a reservoir containing wa- 
an embankment ter increases with the depth, the walls of embankments, dams, 
er ™t*thrbl£ canals, etc, are made broader or thicker at the bottom than 
torn than at the at the top (as in ilg. 114). For the same reason, in order to 
^^ render a cistern equally strong throughout, more hoops should 

be placed near the bottom than at the top. 

If a surface equal to the side of a vessel containmg liquid were laid upon 
the bottom, then the pressure upon the sur&ce would be double the actual 
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pressnre on the side ; for in this instance the sur&oe sustains the weight of a 
column equal in height to the whole depth, while the column of pressure upon 
the side is only equivalent to one half the depth. 

Hov do€« the 300. The actual pressure produced upon 
livTJuMtit? '^^^ bottom and sides of a vessel which con- 
^^'^^^th^ite taii^ » liquid, is always greater than the 
weight? weight of the liquid. 

In a cubical vessel, for example, the pressure upon the bottom will bo 
equal to the weight of the liquid, and the pressure on each of the four sides 
-will be equal to one half the weight; consequently the whole pressure on the 
bottom and sides will be equal to three times the weight of the liquid. 

In what condi- 301. Thc surfacc of a liquid when at rest is 

iion is the Bar* . -.^ -. 

face of a liquid alwavs xLoBizoNTAL, or Lbyel. 

&fc rest ? 

The particles of a liquid having perfect freedom of motion 
Bu^feo^f s^u^ among themselves^ and all being equally attracted by graviti^ 
quid at rest tion, the whole body of liquid will tend to arrange itself in 
^^^^ such a manner that all the parts of its sur&ce shall be equally 

distant &(»n the earth's center, which is the center of attracti<Hi. 
wh t i« th "^ perfectly level suifece really means one in which every 

trae definitioa part of the sur&ce is equally near the center of the earth; it 
SLSiS?^^^ must be, therefore, in fact, a spherical surface. But so laige 
is the sphere of which such a surface forms a part, that in 
reservoirs and receptacles of water of limited extent, its sphericity can not bo 
noticed, and it may be considered as a perfect plane and level; but when the 
surfece of water is of great extent, as in the case of the ocean, it exhibits this 
rounded form, conforming to the figure of the earth, most perfectly.^ This 
sphericity of the sur&ce of the ocean is illustrated by the &ct, that the masts 
of a ship apppioachmg us at sea, are visible long before the hull of the 
jij^j 2 IT. vessel can be seen. In Fig. 

r ^ 'jfc. i 11'' 0^7 ^^ P*** °^ *^® 

— ^^^ ship above the line A C can 

be seen by the spectator at 
A, because the rest of tho 
vessel is hidden by the swell 
of tho curve of the sur&ce of the ocean, or rather of the earth, D B. 

In what man. 802. Water, or other liquids will always rise 

SidrtSfa^^i to an exact level in any series of different 

S?T^L^m! tubes, pipes, or other vessels communicating 

^^b"?thep? with each other. 

• A hoop Bonoimdliig the earth would hend from a perfectly itraight Unecightfaiches 
in a mile. ConscqnenUy, !f « segment of the snrfiMe of the ewrth, a nn« kmg were 
cat off, and Uid on a perfect plane, the center of the legment wonW be only fonr Inches 
higher than the edges. A sman portion of it, tberofow, for att orditary pnrpo««, may 
be considered as a perfect plane. 
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Fig. 118. 



On what prin- 
Giple are we 
enabled to con- 
vey water in 
aqueducts over 
uneven aur- 
faces? 




This &ct is sufficiently illustrated 
by reference to Fig. 118. 

303. It is upon 

the application of 

the principle that 

water in pipes mil 

always rise to the 
height, or level of its source, that all 
arrangements for conveying water 
over uneven sur&ces in aqueducts, or closed pipes depend. The water 
brought from any reservoir or source of supply, in or near a town or building, 
may be delivered by the effect of gravity alone to every location beneath the 
lev^l of the reservoir; the result not bemg affected by the inequalities of the 
sur&ce over which the water pipes may pass in their connection between the 
reservoir and the point of delivery. So long as they do not rise above &e 
level of the source of supply, so long wiU the water continue to flow. 

Fig. 119 represents the line of a modem aqueduct : — a a a represents the 
water level of a pond or reservoir upon elevated ground. From this pond a 
line of pipe is laid, passing over a bridge or viaduct at d, and under a river at 
c The fountains at b &, show the stream rising to the level of its source in 
the pond a, at two points of very different elevation. 

Fia. 119. 




The ancients, ki constructing aqueducts, do not seem to have ever practi- 
cally applied this principle, that water in pipes rises to the level of its source. 
When, in conducting water from a distant source to supply a dty, it becanio 
necessary to cross a ravine or valley, immense bridges, or arches of masonry 
were built across it, with great labor and at enormous expense, in order tbat 
the water-flow might be continued nearly horizontally. At the present day, 
the same object is effected more perfectly by means of a simple iron pipe, 
bending in conformity with the inequalities of surface over which it passes. 
In the construction of pipes for conveying water, it is neces- 
sary that those parts which are much below the level of tlie 
reservoir, should have a great degree of strength, since they 
sustain the bursting pressure of a column of water whoso 
height is equal to the diflfefence of level. A pipe with »■ 
diameter of 4 inches, 150 feet below the level of a reservoir, should have suf- 



In what man- 
ner should 
pipes for the 
conveyance of 
water be con- 
structed? 
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Fia. 120. 




WhatisanAr« 
tesianWell? 



licient strength to bear with security a bursting pressure of nearly 5 tons for 

each foot of its length. 

Upon the principle that water tends to rise to the level of its source, oma- 

meixtal fountains may be constracted. Let water spout upward through a pipe 
communicating with the bottom of a deep vessel, and 
it will rise nearly to the height of the upper sur- 
&oe of the water in the vessel The resistance of 
the air, and the falling drops, prevent it fh)m rising 
to the exact level Let A, Fig. 120, represent a 
dstem filled with water to a constant height, B. 
If four bent pipes be inserted in the side of the 
dstem at different distances below the surface, the 
water will jet upward fi:x)m all the orifices to nearly 
the same level 

The phenomena of Artesian Wells, and the plan 
of boring for water, depend on the same principle. 

304. An Artesian Well is a cylindrical 
excavation formed by boring into the earth 
with a species of auger, until a sheet or vein of water is 
found, when the water rises through the excavation. Such 
excavations are called Artesian, because this method was 
employed for obtaining water at Artois in France. 

_. . ^ The reason that the water rises in Artesian, and sometimes 

water rise in in ordinary wells, to the surface, is as follows: The surface 
of the globe is formed of different layers, or strata, of different 
materials^ such as sand, gravel, clay, stone, eta, placed one 
upon the other. In particular situations, these strata do not rest horizontally 
upon one another, but are inclined, the different strata being like cups, or 
basins placed one within the other, as in Fig. 121. Some of these strata are 
composed of materials, as sand or gravel, through which water will soak most 
YiQ 121. readily ; while other strata, 

like day and rock, will not 
^ allow the water to pass 
)*y through them* Jt, now, 
we suppose a stratum like 
sand, pervious to water, to 
be induded as at a a, Fi^ 
121, between two other 
strata of clay or rock, the 
water falling upon the un- 
covered margin of the sandy stratum a a, will be absorbed, and penetrate through 
its whole depth. It will be prevented fipom rising to the surface by the un- 
pervious stratum above it, and from sinking lower, by the equally impervious 
stratum below it It will, therefore, accumulate aa in a reservoir. J£, now, we 



an Artesiaa 
WeUf 
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bore down through the tipper stratum, as at 6, untQ we reach the stratum 
containing the water, the water will rise in the excavation to a certain height, 
proportional to the height or level of the water accumulated in the reser- 
voir a a from which it flows.* 

305. The rain which falls upon the surface of the earth 
gin of roriBgsr shiks downward through the sandy and porous soil, un- 
til a bed of day or rock, through whicli the water can not 

penetrate, is reached. Here it accumulates, or running along the surface 
of the impervious stratum, bursts out in some lower situation, or at some point 
where the impervious bed or stratum comes to the surface in consequence of a 

valley, or some depression. 
^^- ^22. g^^jjj a flow of water consti- 

tutes a spring. Suppose a^ 
Hg. 122, to be a gravel hill, 
and b a stratum of clay or 
rock, impervious to vrater. 
The fluid percolatmg through 
the gravel would reach the 
impervious stratum, along which it would run until it found an outlet at c, at 
the foot of the hill, where a spring would be formed, 

306. If there are no irregularities in the surface^ so situated 
collect In an*or- as to allow a spring to burst forth, or if a spring issues out 
dinary weU? ^^^ gQ^e point of the porous earth considerably above the sur- 
face of the clay, or rock, upon which at some depth all such eartii rests, &0 
water soaking downward will not all be drained ofE) but will accumulate, and 
rise among the particles of soil, as it would among shot, or bullets, in a water- 
tight vessel If a hole, or pit, be dug into such earth, reaching below the 
level of the water accumulated m it, it will soon be filled, up with water to 
this level, and will constitute a well. The reason why some weUs are deeper 
than others, is, that the distance of the impervious stratum of day below t^e 
sur&ce is different in different locaUties. 

307. All wells and springs, therefore, are merely the rain- 
source do all water which has sunk mto the earth, appearmg agam, and 
Bpring8*deriTe gr*d^ially accumulating, or escaping at a lower level 

their water? 308. The property of liquids to assume a horizontal sur- 

What is a &ce is practically taken advantage of in ascertaining whether 
s^iJS^LeT If * s^irfece is perfectly horizontal, or level, and is accomplished 
^ by means of an instrument known as the '* Wateb" or 

" Spibit Level." This consists of a small glass tube, & c» Fig. 123, filled 
with spirit, or water, except a small space occupied with air, and called 

* In the great Artesian wells of Grenelle, near Paris, and of Eissingen, In Bavaria, the 
water rises flrom depths of 1,800 and 1,900 feet to a considerable height above the snrfiace 
of the earth. The well of Paris is capable of supplying water at the rate of 14 millioos 
of gallons per day. The region of country in which Ibis water fell, from the curvature 
of the layers, or strata of material through which the excavation was made, most have 
been distant two hundred miles or more. 
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Pro 123 *^® air-bubble, a. In wbateyer poeition the tabe 

may be placed, the bubble of air will rest at the high* 
est point. If the two ends of the tube are level, or 



V ^J perfectly horizontal, the air-bubble will remain in 

the center of the tube ; but if the tube inclines ever 
so little, the bubble rises to the higher end. For practical use the glass-tube 
ia inclosed in a wood, or brass case, or box. 

309. The method of conducting a canal through a country, 
cipie are eanats the surface of which 18 not perfectly horizontal, or level, de- 
operated*?^ "** pends upon this same property of liquids. In order that boats 
may sail with ease in both directions of the canal, it is neces- 
sary that the surface of the water should be level If one end of a canal 
were higher than the other, the water would run toward the lower extremity, 
overflow the banlcs, and leave the other end dry. But a canal rarely, 
if ever, passes through a section of country of any great extent, which is 
not inclmed, or irregular in its surface. By means, however, of expedients 
called Locks, a canal can be conducted along any declivity. In the forma- 
tion of a canal, its course is divided into a series of levels corresponding 
with the inequalities of the suilaoe of the oountcy through which it passes. 
These levels communicate with each other by locks, by means of which 
boats passmg in any direction can be elevated, or lowered with ease, rapidity, 
and safety. 

Fia. 124. Fig. 124 represents a section of 

a lock, and Fig. 125 the construc- 
tion of the Look Gates. The seo- 
tk)n of Fig. 126 represents a place 
where there is a sudden fall of the 
ground, along which the canal has 
to pass. A B and C D are two 
gates which completely intercept 
the course of the water, but at the same time admit of being opened and 
closed. A H is the level of the water in that part of the canal lymg 
above thegateAB,andBFandFS the levels below the gate A B. The 
part of the canal included between two gates, asBF, is caUed a lock, because 
when a vessel is let into it, it can be shut by closing both pair of gates. If 
now it is required to let a boat down fitMn the higher level, A H, to the lower 
level, F S, the gates D are closed tightly, and an opening made in the 
gates A B (shown in Fig. 125), which allows the water to flow graduafly fifom 
A H into the lock A E F 0, until it attains a common level, H A 0. The 
gato A Bis then opened, and the boat floats into the lock A B C D. The 
gates A B are then closed, and an opening made in gates D, which allows 
the water to flow flx)m the space A E F C, until it comes to the common 
level, E F G. The gate D is then opened, and the boat floats out of 
the locks into the continuation of the canal To enable a boat to pass from 
the lower level, B FG, to the superior levrt, A H, tlie process here described 
is reversed. 
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Fia. 125. 




With irtaat 
force is a float- 
ing body preB8> 
ed upward ? 

Hov much 
water will » 
solid immersed 
in it displace? 



"What is Buoy. 
ancy? 



310. When a solid is immersed in a liquid 
it will be pressed upward with a force equal 
to the weight of the liquid it displaces. 

311. A solid immersed in water will displace 
as much of the liquid as is equal in volume to 
the part immersed. 

312. Buoyancy is the name applied to the 
force by which a solid immersed in a liquid is 

heaved, or pressed upward. 

The resistance oflfered when we attempt to sink a body lighter than water 
in that liquid, proves that the water presses with as great a force upward as 
downward. Upon this £ict the laws of floating bodies depend ; and for this 
reason the bottoms of large ships are constructed with a great degree of 
strength. 

318. A body floating upon a liquid is main- 
tained in EQUiLiBRio by the operation of grav- 
ity drawing the mass downward, and by the 
pressure of the particles of the liquid upon 
which it rests, pressing it upward. 

314. In order that a body may float with sta- 



Ingl 



How is a body 
floating upon a 
liquid main- 
tained in equi- 
librio? 



What is G 

buit^ofaflJiS: fcility, it is necessary that its center of gravity 
gbody? should be situated as low as possible. 
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What ia the For thi8 reason, all yessels which ore light in proportion to 
tavMBeS^"* their bulk, require to be ballasted by depositing in the lowest 
portions of the yessel, inunediatelj above the keel, a quantity 
of heavy matter, usually iron or stone. The center of gravity may thus be 
brought so low that no force of the wind striking the vessel sideways can 
capsize it. By raifflng the center of gravity, as when men in a boat stand 
upright, the equilibrium is rendered unstable. 

A body floating is most stable when it floats upon its great- 
floa^g body ^ surfiice : thus a plank floats with the greatest stability 
in its mostetft. when placed flat upon the water: and its position is unstabio 

when it is made to float edgewise. 
xxn.^ -m A solid cau never float that is heavier, bulk for bulk, than 

solid float, and the Uqmd m which it is immersed. 

▼hensinkf If the weight of asolid be exactly equal to the weight of 

an equal bulk of liquid, it will sink in it until it is entirely immersed ; but 
when once it is entirely immersed, then, the upward and downward pressure 
being equal, the solid will neither smk or rise, but will remain suspended 
at any depth at which it may be placed. 

Let A B, Fig. 126, be a cube of wood floating in FiG. 126. 

water; then the weight of the water displaced, or ^^ _^^^ 

the weight of a volume of water equal to A B, is f^\i^^_.. ^../^ 

equal to the whole weight of the wood; since the ^^^^^.j^^^^^ 
upward pressure <mi the bottom of A B is the same V^^Z^T^^^ 
as that which would support a portion of water \ Iji^^B^ m 
equal in bulk to the displaced water, or to the cube I Jf ^^H«t|| 
A B; and as the downward pressure of the body I tj^^H m 
is equal to the upward pressure of the liquid, it fol- \ ^TbT^^ 
lows that the weight of the cube is equal to the ^'^^^r 

weight of the water displaced. Hence A B will ^^f 

neither sink or rise. .^^^^T^^^^^^ 

A mass of stone, or any other heavy substance ^0^(^^m^^^^^ 
beneath the suifeoe of water is more easily moved ^^^f^^^^—^g^fffl^ 
than upon the land because, when immersed in the '" "^^^^^==^=^-" — -""^ 
water, it is lighter by the weight of its own bulk of 

water than it would be on land. A boy will often wonder why he can lift a 
stone of a certain weight to the surface of water, but can cany it no ferther. 
The least force will lifl; a bucket immersed in water to the surface; but if it 
be lifted farther, its weight is felt just in proportion to the part of it which is 
above the surface. 

The weight of the human body does not differ much fix)m the weight of its 
own bulk of water; consequently, when bathers walk in water chin-deep, 
their feet scarcely press upon the bottom, and they have not sufficient hold 
upon the ground to give them stability; a current, therefore, will easily take 
them off their feet 

The facility with which different persons are able to float or swim, depends 
upon the physical constitution of the body. Ck)rpulent people are lighter, 
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bulk tor bulk, than l^ose of sparer habits : and as fat possesses a less fi|>edfie 
gravity thaa water, a fat person will swim or float easier than a thin one. 

315. It is not, however, necessary, in order that a body should float upon a 
liquid, that the materials of which it is composed should be specifically lighter 
than the liquid. If the entire mass of a solid is lighter than an equal volume 
of the hquld, it wiU float 

A thick piece of iron, weighing half an ounce, loses in water nearly ono 
eighth of its weight ; but if it is hammered into a plate or vessel, of such a 
size that it occupies eight times as much space as before, it will then weigh 
less than an equal bulk of water, and will consequently float, sinking just to 
the brim. If made twice as large, it will displace one oqnce of water, conse- 
quently, twice its own weight; it wiU then sink to the middle, and can be 
loaded with half an ounce weight before sinking entirely. 

How can a 316. A bodj composed of any material, how- 
San an ^qiSS ever heavy, can be made to float on any liquid, 
be^^mldT^'to however light, by giving it such a shape as 
float? will render its bulk or volume lighter than an 

equal bulk of water. 

Iron ships and boats are illustrations of this principle. A ship carrying a 
thousand tons' weight will displace just as much water, or float to the same 
depth, whether her cargo be feathers, cotton, or iron. A ship made of iron 
floats just as high out of water as a ship of similar form and size made of 
wood, provided that the iron be proportionally thinner than the wood, and 
therefore not heavier on the whole. 

The buoyancy of hollow solids is fi^quently used for lifting or supporting 
heavy weights in water. Life-preservers, which are inflated bags of India- 
rubber, are an example. HoUow boxes, or tanks, are used for the purpose 
of nusing sunken vessels. These boxes are sunk, filled vnth water, and 
attached to the side of the vessel to be raised. The water, by a connection 
of pipes, is then pumped out of them, when the upward pressure of the liquid 
becoming greater than the gravity or weight of the entire mass, the whole 
will rise and float 

Towhatisthe 317. The buoyancy of liquids is in propor- 
uquIdspJopor- tion to their density or specific gravity, or, in 
tionai? other words, a solid is buoyant in a liquid, in 

proportion as it is light, and the liquid heavy. 

Thus quicksilver, the heaviest, or most dense fluid known, supports iron 
upon its surface; and a man might float upon mercury as easily as a cork 
floats upon water. Many varieties of wood which wfll sink in oil, float 
readily upon water. 

318. The principle that the buoyancy of liquids varies in proportion as their 
specific gravity varies, furnishes a very ready method of determining the spe- 
cific gravity of a liquid. This is done by means of an instrument called the 
hydrometer. 
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What is a Hy- 
drometer? 



How mnj the 
specific grav- 
ity of a Ikiaid 
be determined 
by the Hy- 
drometer? 




319. The Hydbombtbb con- ^^ 12'r. 

sists of a hollow glass tube^ 
on the lower part of which a spherical 
bulb is blown, the latter being filled with 
a sidtable quantity of small shot, or 
quicksilver, in order to cause it to float, 
in a vertical position. The upper part 
of the tube contains a scale graduated 
into suitable divisions. (See Fig. 127.) 
It is obvioTis that the hydrometer 

will sink to a greater or less depth in 

different liqtdds ; deeper in the lighter 

ooefl^ or those of small specific gravity, 

and not so deep in those which are 
denser, or which have great specific gravity. The 
i^[>ecific gravity of a li<|uid may, therefore, be estimated by the number of di- 
visions on the scale which remain above the surface of the hquid. Tables 
are oonstructed, so that^ by their aid, when the numbw on the scale at which 
the hydrometer floats in a given liquid is determined by experiment, the spe- 
cific gravity is expressed by figures in a column directly opposite that number 
in the table. 

There are various forms of the hydrometer especially adapted for determin- 
ing the density, or specific gravity, of spirits, oils, syrups, lye, etc It affords 
a ready method of determining the purity of a liquid, as, for instance, alco- 
li<^ The addition of water to alcohol adds to its density, and therefore in- 
creases its buoyancy, l^e addition of water, therefore, will at once be shown 
by the less depth to which the hydrometer will sink in the liquid. The 
adulteration of sperm oil with whale, or other cheaper oils, may be shown in 
the same manner. 

320. For tiie reason that the buoyancy of a liquid is proportioned to its 
density, a ship wOl draw less water, or sail lighter by one tiiirty-fifth in the 
heavy salt water of the ocean, than in the fresh water of a river; for the 
same reason it is easier to swim in salt than in fbesh water.* 

* " A flMtiag bod7 Binkfl to the Bame depth whether the man of Hquld sapporting it 
be great or small, as is seen when an earthen enp is placed first in a pond, and then in a 
second cnp only so much larger than itself, that a very sinall quantity of water will saffico 
to fin op the interval between them. An ounce of water in this way may be made to float 
sabstanoes^ of much greater weight. And if a large ship were received into a dock, or 
case, so exactly filling it that there were only half aa inch of interval between it and the 
waU, or side of the containing space, it would float as completely when the few hogsheads 
of water required to fill this little interral up to its usual water-mark were poured in, as 
if it were on the high seas. In some canal locks, the boats just fit the place in which they 
have to rise and fiEkll, md thus diminidi the qnsnttty of wHter necessary to supply the 
lodt."— Amott. 
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SECTION I. 



Explain tho 
phenomexiA ob- 
served -when 
the hand is 
planged into 
di^Terent liq- 
uids. 



CAPILLARY ATTRACTION. 

321. If we plunge the hand into a yeasel of water, and 
withdraw it, it is said to be wet ; that is, it is covered with a 
thin fihn, or coating of water, which adh^^ to it, in opposi- 
tion to the tendency of the attraction of gravitation to make 
it fall ofi^ There is, therefore, an attraction between the par^ 
tides of the water and the hand, which, to a certain extenl^ 

13 stronger than the influence cf gravitation. 

If now we plunge the hand into a vessel of quicksilver, no adhesion of the 
particles of the mercury to the hand will take place, and the hand, when 
withdrawn, will be perfectly dry. 

If we plunge a plate of gold, however, into water and quidEsilver, it wifl 
bo wet equally by both, and will come out of the quicksilver covered with a 
wliite coating of that liquid. 

It is, therefore, obvious that a certain molecular attraction exists between 
certain liquids and certain solids, which does not prevail to the same extent 
between others. 

322. That variety of molecular force which 
manifests itself between the surfaces of solids 
and liquids is called Capillaby Attraction. 

This name originates Scorn the circumstance, that this class 
of phenomena was first observed in small glass tubes, the 
bore of which was not thicker than a hair, and which were 
hence called OapiUary JStbes^ tcom the Latin word capma^ which signifies a hair. 
^ _^_ 323. If we take a series of glass tubes of very fine bore^ 

pillar^ AUrac- but of different diameters^ and place them in a vessel oi water, 
which has been colored in order to show the'efiect more strik- 
ingly, we shall see that the water will rise in the tubes to 
various heights, attaining the greatest degree of elevation in the smallest tube. 
Pia. 128. ^^ height at which the same liquid will rise in 

any given tube is always unifijrm, but it varies for 
different liquids. 

Fig. 128 is an enlarged representation of the 
maimer in which water will rise in tubes of differ- 
ent diameters. 

The simplest method of exhibiting capillary at- 
traction is to inunerse the end of a piece of ther- 
mometer tube in water (see Fig. 129) which has 
been tinted with ink. The liquid will be seen to 
ascend, and will remain elevated in the tube at a 
considerable height above the surface of the liquid 
in the vessel 
The ordinary definition of capillary attraction is^ that form of attraction which 
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What is the 
origin of the 
term? 
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causes liquids to ascend above their level in capiHaiy tube& Fia. 129. 
Itj however, Is not strictly correct, as this force not only acts 
in elevating hut in depressing liquids in tubes, and is at 
Tvork wherever liquids are in connection with solid bodies. 

324. If a liquid be poured into a vessel, as 
water in glass, whose sides are of such a nature 
as to be wetted by it) the liquid will be elevated 
above the general level of its sur&ce at the 
points where it touches the sides of the ves- 
sel. This is shown in Fig. 130. 

I? however, the liquid is poured into a 
vessel whose sides are of such a nature that 
they are not wetted by it, lus iu the case of 
quicksilver in a glass vessel, then the liquid 
will be depressed below the general level of its smface at tho 



TVTiat win be 
tb.e condition 
of the surface 
of a liquid 
-vrliicli wets the 
sides of the ves- 
sel c<sitaining 
it? 

When the liq- 
uid does not 
yret the sides 
of the vessel^ 
what viU be 
the condition 
of itBsnriS&cef 




Fia 130. 



Fig. 131. 





points where it comes in con- 
tact with the sides of the ves- 
sel ThisisshowninFig. 131. 
325. If two plates of glass, 
A and B, Fig. 132, be plunged 
into water at their lower ex- 
tremities, with their &ces ver- 
tical and parallel, and at a cer- 
tain distance asunder, the water will rise at the points m and n^ where it is in 

contact with the glass; but at 
Fig. 132. all intermediate points, beyond 

a small distance from the plates, 
the general level of the sur&ces 
E, 0, and D, will correspond. 

If the two plates, A and B, 

ore brought near to each other, 

as in Fig. 133, the two curves, 

- m and n, will unite, so as to form 

a concave sur&oe, and the water 

at Ihe same time between them will be raised above the general level, B and 




D, of the water m the vessel If the plates 
be brought stiD nearer together, as in Fig. 134, 
tho water between them will rise still higher, 
tlio force which sustains the column being in- 
creased as the distance between the plates is 
diminished 

326. The height to 
which water will rise in 



Fig. 133. 



To what is the 
elevation of 
water in capil- 
lary tubes pro- 
portioned ? 




capillary tubes is in proportion to the small- 



ness of their diameters. 
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Fia. 134 




Pro. 135. 




Thus in two tubes, one of which is doable 
the diameter of the other, the fluid will rise 
to twioe the height in the small tube that 
it will in the larger. The truth of this 
principle can be made evident by the fol- 
lowing beautiful and simple experiment 
Two square pieces of plate-glass, C and B, 
Fig. 135, are arranged so that their sur- 
iaces form a minute angle at A. This po- 
sition may be easily given them by £Eisten- 

Sng with wax or oement When the ends of 

the plates are placed in the water, as shown in 

the figure, the water rises in the space between 

them, forming the curve, which is called an 

hyperbola. The elevation of the water between 

the two surfeces will be the greatest at the 

points where the distance between the plates is 

the least 
327. The figure of the sui&ce which bounds 

a liquid in a capiDary tube will depend upon 

the attraction or repulsion which exists between 

the particles of the Uquid and the sur&ce of 

the tube. Thus, a column of water contamed in a glass axillary tube will 

have a concave form of surface, as in Fig. 136, due to the _, .«. _, ._ 

.. .. ^ ,. , -11 . , . ., Fia.i36. FlO. loi. 

attractive force which causes an adhesion between the 
water and the sides of the tube. A column of mercuiy 
contained in the same tube would have a convex form of 
surface^ as in Fig. 137, in consequence of the repulsion 
which the surface of tiie glass has for the mercury. 

828. In a capUlary tube a 

When will » -. ,_ .„ t -, 

liquid be eie. liquid Will ascend above its 
depressed in a general levcl, when it wets the 

tube ; and is depressed below its level when 
it does not wet it. 

Ho^r may a ^^^* Ifihe sur&ce of a body repels a liquid, such a body, 
needle be made though heavier, bulk for bulk, than the liquid, may, under 
water?' "^° ^°^® circumstances, float upon it ; and so present an apparent 

exception to the general hydrostatic law by which solids 
which arc heavier than liquids, bulk for bulk, will sink in them. An exam- 
ple of this may be shown by slightly greasing a fine sewing-needle, and then 
placing it carefully in the direction of its length upon the surface of water. 
The needle, although heavier, bulk for bulk, than water, will float 

The power of certam insects to walk upon the surfece of water without 
sinkinor, hag been explained upon the same principle. The feet of these in- 
sects, like the greased needle, have a capillary repulsion for the water, and 
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"WTien will a 
liquid faU to 
vet a solid? 



FlQ. 138. 



wlieoL tbeytbp^y them to the fiurfaoe of water, instead of sinkmg iu it, the/ 
produce depressions upon it 

For « like reason, water will not flow through a £ne sieve, the wires of 
wMdi have been greased. 

330. A liquid will not wet a solid when the 
force of adhesion developed between the par- 
ticles of the liquid and the surface of the solid, 

is less than half the cohesive force which exists between 

the particles of the liquid. 

33L Hie &ct of the strong adhedoii 

^RopePumpr* which exists between water and the 
£bers of a rope, has been taken ad- 
vantage of in the construction of a kind of pump, called 

the " Eope," or " Vera's" Pump, Fig. 138. It con- 

sists c^a cord passing over two wheels^ a and 6, the 

lower one of which is immersed in water. A rapid 

motion is given to the wheels by means of the crank 

d, and the water, by adhering, follows tfao rope in its 

movements, and is discharged into a receptacle above. 

,„^ ^ , lUustrations of capillary attraction 

Wrhat are fa- « .,. . 7, . * 

miliar iUustra- are most familiar m the ezpenence of 

SS^aJ^^'j overy-daylife. The wick of a lamp, 
or candle, lifts the oil, or melted grease 
which supplies the flame, fix)m a surfiwje often two or 
three inches below the point of combustion. In a 
cotton-wids^ which is the material best adapted for this purpose, the mi- 
nute, separate fibers of the cotton themselves are capillary tubes, and the in- 
terstices between the filaments composing the wick are also capillary tubes; 
in these the oil ascenda The oil, however,* can not be lifted freely beyond a 
certain height by capillary attraction : hence, when the surface of the oil is 
low in the lamp, ihe flame becomes feeble, or expires. 

If the end of a towel, or a mass of cotton thread, be immersed in a basin of 
water, and the remainder allowed to hang over the edge of the basin, the 
water will rise through ihe pores and interstices of the doth, and gradually 
wet the whole tow^ In this way the basin may be entirely emptied. 

If sand, a lump of sugar, or a sponge, have moisture beneath and slightly 
in contact wi^i i^ it will ascend through the pores by the agency of capillary 
attraction in opposition to gravity, and the entire mass will become wet. 

The lower story of a house is sometunes damp, because the moisture of the 
ground ascends through the pores of the materials constituting the walls of 
the building. Wood imbibes moisture by the capillary attraction of its pores, 
and expands or swells in consequenoe. This feet has been taken advantage 
of for splitting stones ; wedges of dry wood are driven into grooves cut in the 
stone, and on being moistened, swell with such irresistible force as to split 
tlie block in a direction regulated by the groovOy 
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An immense weight suspended bj a dry rope, maj be raised » litUe -vraj, 
by merely wetting the rope; the moisture imbibed by capillaiy attraction into 
the substance of the rope causes it to swell laterally and become shorter. 

Capillary attraction is also Instrumental in supplying trees and plants with 
moisture throu^ the agency of the roots and underground fibera 

What are the 332. Thc terms ExosMOSE and Endosmose 
fioS^a^ are applied to those currents in contrary direc- 
Endosmose? ^j^j^g wbich SLTO established between two liquids 
of a different nature, when they are separated, from each 
other by a partition composed of a membrane, or any porous 
fiubstance. 

The name Et^dosmostj derlyed from a 
Fia. 139. Greek word, s^^nifies going in, and is ap- 

plied to the stronger current; while the 
I If name EooosmoaCy signifying $o^ ctA, is 

I il applied to the weaker current. 

The phenomena of Ikidosmose imd En^ 
osmose^ which are undoubtedly dependent 
on capiUary attraction, may be illustrated 
by the following simple experiment : — ^If 
we take a small bladder, or any other mem- 
branous substance, and having fastened it 
on a tube open at both ends, as is repre- 
sented in Fig. 139, fill the bladder with 
alcohol, and immerse it, connected with 
the tube, in a basin of water, to such an 
extent that the top of the bladder filled 
with alcohcd corresponds with the level 
* of the water in the vessel, in a short 
time it will be observed, that the liquid 
is rising in the tube connected with 
the bladder, and will ultiniately reach the 
top and flow over. This rising of the al- 
cohol in the tube is evidently due to the 
circumstance that the water permeates 
through the bladder, with a certain de- 
gree of force, producing the phenomena 
which wc call endosmose, ^^ going in f^ the efiect being to elevate the alcohol to 
a considerable height in the tube. At the same time, a certain quantity of 
tlie alcohol has passed out through the pores of the bladder, and mixed with tho 
water in the external vessel. This outward passage of the alcohol we call 
exosmose^ *' gomg out." A less quantity of the alcohol will pass out of the 
bladder in a given time to mingle with the water, than of the water will pass 
in, and consequently the bladder containing the alcohol having more liquid 
in it than at first, becomes straiaoc^ ^u^d preissea tho liquid up in the tube. 
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If 'we have a box divided by a partitioii of porous day, ot any oilier sub- 
stance of Hke natore, and place a quantity of syrap on one side, and water on 
tlie other, or any other two liquids of different denaitifls which freely mix with 
one another, currents will be established between the two in opposite direc- 
tions through the porous partitkm» until both are thoroughly mingled with 
each, other; 

833. If a liquid is placed in contact with a surface of 
tbe body, divested of its epidermis, or outer skin, or in 
coataot with a mucous membrane, the liquid will be ab- 
sorbed into the vessels of the body through the force of 
cndosmose. 

PRACTICAL QUESTIONS AND PBOBLSMS IN HYDROSTATICS. 

1. Why are stonei, gravel, and aand ao eaally nunred Ij wmyea and cnneata f 
Because the moviag wiater has only to overoome about half the weight of 

the stone. 

2. Why eaa a Btone irhldi, mi land, reqnirai fhe strength of tiro man to lift it, be 
lifted and carried in water by one BMn? 

Because the water holds up the stone with a force equal to the weight of 
the volume of water it displaoes. 

3. Why does cream rise upon milkf 

Because it is composed of particles of oily, or &.tty matter, which are lighter 
than the wateiy particles of the milk. 

4. How are fishes able to ascend and descend qoicUy in water? 

They are capable of changing their hulk by the voluntary distension d an 
air-vessel, or bladder, included in their oiganization; when this bladder is 
filled with air, the fish increases in size, and (being lighter) ascends through 
the water. When the air is exp^ed, their siase is diminished, and the tend- 
ency to sink is increased. 

& Why does the body of a drowned person generally rise and float upon the sorfkce 
several days after death f 

Because, fi-om the accumulation of gas withm the body (caused by incipient 
patrefUction), the body becomes specafically lighter than water, and rises and 
floats upon the sur&ce. 

6. How are Ufe-boats prevented ttota rinkingf 

They ixmtam in their aides air-t^ht cells, or boxes, filled with air, which by 
their buoyancy prevent the boat from sinking, even when it is filled with water. 

7. Why does blotting-paper absorb ink? 

The ink Is drawn up between the minute fibers of the paper by capillary 
attraction. 

8. Why win not wriUng, or sized paper, abeorb faik ? 

Because the sizmg, bemg a species of glue into which writing papers are 
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dipped, fills up the little interstices, or spaces, between tlie fibers, and in tliiB 
way prevents all capillaiy attraction. 

9. Why it regetatton on the maigiii of « Bfeream of vater more Inzoriant fhan in m 
open field f 

Because the porous earth on the bank draws up water to the roots of tho 
plants by capillary attraction. 

10. Why do persone irho vater plants in pole frequently ponr the water Into the sau- 
cer in whidi the pot rests, and not oyer the plants f 

Because the water in the saucer is drawn up by capillary attraction through 
the little Interstices of the mold with which the pot is filled, and is thus pre- 
sented to the roots of the plant 

IL Why does dry wood, immersed in water, swell f 

Because the water enters the pores of wood by capillary attraction, and 
forces the particles further apart from each other. 

12. Why wiU water, ink, or OH, coming in contact with the edge of a book, soak fur- 
ther in than if spilled upon the sides f 

Because the space between tlie leaves acts hi the same manner as a small 
capillary tube would — attracts the fluid, and causes it to penetrate &r inward. 
Tho fluid penetrates with more difficulty upon the side of the lea( because 
the pores in the paper are irregular, and not continuous firom leaf to lea£ 

13. In a hydrostatic press, the area of the base of the piston in the force-pnmp is one 
square Inch, and the area of the base of the piston In the large cylinder is fourteen sqnaro 
Inches ; what will be the force exerted, supposing a power of eight hnndred pounds ap- 
plied to the piston of the force-pump f 

14. A flood-gate is Ato feet in breadth, and sixteen feet in depth: what will be the 
pressure of water upon it in pounds f 

15. What pressure will a vessel, having a superficial area of three feet, sustain when 
lowered into the sea to the depth of fire hdndred feet t 

16. What pressure is exerted upon the body of a diver at the depth of sixty feet, sup- 
posing the superficial area of his body to be two and a half square yardsf 

17. What will be the pressure upon a dam, the area of the side of whieh is one hun- 
dred and fifty superficial feet, and the Height of the side fifteen feet, the water rising even 
with the top? 



CHAPTER IX. 

HYDRAULICS. 



What is the ^^' Hydraulics is that department of 
science of Hy. phvsical sciciice which treats of the laws and 

drostattes f t 

phenomena of liquids in motion.* 
Hydraulics considers the flow of liquids in pipes, through orifices in tbo 
sides of reservoirs, in rivers, canals, etc^ and the construction and operation 
of all macliines and engines which are concerned in the motion of liquids. 
• From vdtap (hudor), water, andaoX^ (jftulos), a pips. 
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What is the ve- 
locity of a liq- 
uid iio wing from 
a reaerroir 
equal to? 



Upon what does 88^. When an opening is made in a reser- 
iwnJr^iiquw ^^^^ Containing a liquid, it will jet out with a 
depend? velocity proportioned to the depth of the aper- 

ture below the surface. 

Fig. 140. Supposing the surfeco of water in a vessel, D, Fij?. 

140, to bo kept at a constant height by the water 
flowing into it, and that the water flows out through 
openings in the sido of precisely the same size ; then 
a quart measure would be filled from the jet issuing from 
B as soon as a pint measure from the upper opening, A. 
As the flow of liquids is in consequence of the at- 
traction of gravity, and as the pressure of a liquid is 
equal in all directions, we have the following princi- 
ple established: — 

336. The velocity which the particles of a 
liquid acquire when issuing from an orifice, 
whether sideways, upward, or downward, is 
equal to that which they would have acquired 
in falling perpendicularly through a space equal to the 
depth of the aperture below the surface of the liquid. 

Thus, if an aperture be made in the bottom, or side, of a vessel containing 
water, 16 feet below the surface, the velocity with which the water will jet 
out will be 32 feet per second, for this ia the velocity ^ich a body acqmrcs 
in falling through a space of 16 feet 

As the velodty acquired by a falling body is as the square root of the space 
through which it fells, the velodty with which water will issue from an aper- 
ture may be calculated by the following rule : — 

noir may the ^^'^' ^^^ vclocity with which water spouts 

nquid^^flowing o^* from any aperture in a vessel is as the 

voTte S^I square root of the depth of the aperture below 

Lited? the surface of the water. 

The water must, therefore, flow with ten times greater velocity trom an 
opening 100 inches below the level of the liquid, than fit>m a depth of only 
one inch below the same leveL 

338. The theoretical law for determining the guanUty of 
water discharged from an oriflce is as follows: — 

The quantity of water discharged from an ori- 
fice in each second may be calculated by multi- 
plying the velocity by the area of the aperture. 

The above rules for calculating the velocity and quantity of water flowing 
from orifices, are not found strictly to hold good in practice. The friction 
of water against the sides of vessels, pipes, and apertures, and the formation 
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of what la called the "oontnoted Tein,** tend very mudi to diminuli the mo- 
tion and diflcharge of water. p^^ j^^ 

«^ . . *,. When water flows through a dicalarapertuio 

What ifl the , , ^. •,. x £• ai. • • \i 

*^ contracted in a Yessel, the diameter of the issuing stream 

vela" ilia car- ^ oontracted, and attains its smallest dimensions 
rent of water? ,. ^ « ^. .« i x xi. j- 

at a distance from the orifice equal to the diam^ 

ctcr of the orifice itselC The section of the jet at this point, Fig. 

Ul, 8 «', will be about two thirds of the magnitude of the orifice. 

This point of greatest contraction is called the vena cofOracta, or eoKiraded vein. 

This phenomenon arises from the circumstanco that a liquid 

cauHe of this contained in a vessel rushes fit)m all sides toward an orifice^ 

pheiiomonon? go as to form a system of convergiujg currents. These issuing 

ont in oblique directions, cause the shape of the stream to change from the 

cylindrical form, and contract it hi the manner described. 

^. By the attachment of suitable tubes to the aperture, tho 

Ilow may tne "^ ,, . •ajj^m. 

effect of the effect of the contracted vehi may be avoided, and the qu^- 

veii'bJlioid. tity of flowing water be very greatiymcieased. A short pipe 
od? will discharge one half more water in the same time, than 

a simple orifice of the same dimensions. The tube^ however, must be 
Fig 142. entirely without the vessel, 

as at B, Fig. 142, for if con- 
tinued inside^ as at A, the 
quantity of liquid discharged 
will be diminished instead 



w w w ^v 



The rapidity of the discharge of tiie water will also depend much on the 
figure of the tube, and that of the bottom of the vessel, since more water 
will flow through a conical, or bell-shaped tube, as at 0, Fig. 142, than 
through a cylindrical tube. A still fiirther advantage may be gamed by hav- 
ing the bottom of the vessel rounded, as at D, and the tube bell-shaped. 

An inch tube of 200 feet in length, placed horizontally, will discbai^ only 
one fourth as much water as a tube of the same dimensions an inch in 
IjDgth ; hence, in all cases where it is proposed to convey water to a distanco 
ill pipes, there will be a great disappointment in respect to the quantity actu- 
ally delivered, unless the engineer takes into account the friction, and the 
turnings of the pipes, and makes large allowances for these circumstances. 
If the quantity to be actually delivered ought to fill a two inch pipe, one of 
tiirce inches will not be too great an allowance, if the water is to be conveyed 
to any considerable distance. 

In practice, it wiU be found that a pipe of two niches in diameter, one hun- 
dred feet long, will discharge about five times as much water as one of ono 
inch in diameter of the same length, and under the same pressure. This dif- 
ference is accounted for, by supposing that both tubes retard the motion of 
the fluid, by friction, at equal distances from their inner surfaces, and conse- 
quently, the effect ii this cause is much greater in proportion, in the small 
tube^ than in the lai^ one. 
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of the water- 
clock? 



Fig. 143. 

A 



As tbe velocity with which a stream issues depends ttpon the height of the 
column of fluid, it follows that when a liquid flows fix>m a reservoir which is 
not Tepieniahed, but the level of which constantly descends, its velocity will 
be xuuformly retarded. The following principle has been established : — 

339. If a vessel be filled with a liquid and 
allowed to discharge itself, the quantity issu- 
ing from an orifice in a given time, will bo 
just one half what would be discharged from 
the same orifice in the same time, if the vessel 
was kept constantly full. 

340. Before the invention of clocks and 
watches, the flow of water through small ori- 
flcea was applied by the ancients for the meas- 
urement of time, and an arrangement for this 

IHirpoae was called a (M^i^sifdrcLf or water-dock. One form of 
this instrument consisted of a cylindrical vessel filled with 
vrater, and furnished with an orifice whidi would discharge the 
-whole ill twelve houFSi If the whole depth through which the 
water in the vessel would sink in this time be divided into 
144: parts, it will sink through 23 in the first hour, 21 in the 
second, 19 in the third, and so on, according to a series of odd 
numbers : this diminishing rate depending on the constantly 
decreasing height and pressure of the column above the point 
of discharge. The spaces indicated upon a scale attached to 
the side of the vessel, and compared wiUi the position of the 
descending column, marks the time. Fig. 143 represents the 
ibrm of the water dock. 

841. The force of currents, whe- ' 
ther in pipes, canals, or rivers, is 
more or less resisted, and their velocity re- 
tarded, by the friction which takes place be- 
tween those surfaces of the liquid and the solid which are 
in contact. 

This explains a &ct which may be observed in all rivers: 
that the velodty of a stream is always greater at the centor 
than near the bank, and the velodly at the surface is greatc r 
than the velodty at \hQ bottom. • 

342. If a given quantity of liquid must pass 
through pipes or channels of unequal section 
in the same time, its velocity will increase as 
the transverse section diminishes, and dimin- 
ish as the area of the section increases. 



How is the ve- 
lodty of water 
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rivers retard- 
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At what pi^rt 
of a stream is 
the velocity 
greatest? 

In a ehasmel of 
oneqnal eec- 
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the velocity of 
a current be 
affected? 
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This fact is femOiar to evexy one who observes the coarse of brooks or 
rivers: wherever the bed contracts, the current becomes rapid, and on tho 
contraiy if it widens, the stream becomes more sluggish. 

343. A very slight declivity is sufi&dent to give motion to 
tton**iB^"*2^1 running water. Three inches to a mile in a smooth, straight 
cient to give channel, gives a velocity of about three miles per hoar. 
iS^*l^te?f^' The river Ganges, at a distance of 1,800 mfles from its 
mouth, is only 800 &et above the level of the sea. Tho 
average rate of inclination of the surface of the Misassippi is 1.80 for the first 
hundred miles from the Gulf of Mexico, 2 inohes fi>r the second hundred, 2.30 
for the third, and only 2. 57 for the fourth. 

wiiat fe the "^^ velocity of rivers is extremely rariable ; the slower dass 
average veloci- moving from two to three miles per hour, w three or four feet 
iy of riyera ? j^j. ggjjond^ gnd the moie rapid as much as six feet per second. 
The mean velocity of the MississipiH, near its mouth, is 2.26 miles per hour, 
or 2.95 feet per second.* 

The quantity of water which passes over the beds of rivers in a given time 
is very various. In the smaller class of streams it amounts to from 300 to 
350 cubic feet per second. In the smaller dass of navigable rivers, it amounts 
to from 1,000 to 1,200 cubic feet; and in the larger dass to 14,000 culacfeet 
and upward. It is estimated that the Missi8ffi{^i dischai^ges 12 bilHons of 
cubic feet of water per minute.f 

* In the constmctton of wmter-channels for drainage, the regulation of inclination neoes- 
■ary to produce free flowage of the vater, is a matter of great importance. This inclination 
varies greatly with the size of the stream of irater to be oondneted off Large and deep 
rirers run sufficiency sirift with a fiiU of a few inches per mile ; smaita'riTen and brooks 
require a fall of two feet per mile, or 1 foot in 2J500. Small brooks hardly keep an open 
course under 4 feet per mile, or 1 in 1,200; while ditches and covered drains require afe 
least 8 feet per mile, or 1 in 600. Farrows of ridges, and drains partially filled with loose 
materials, require a much greater inclination. 

t A question of some interest relatiTe to the eonrse and flow oC rivers, may, perhaps, 
be appropriately considered in this connection. The question is as follows: Do the 
Mississippi, and other rivers whose courses are northerly and southerly, flow up hill or 
down hill ? The Mississippi runs from north to sooth. If its source were at the pole and 
its mouth at the equator, the elevation of the mouth would be thirteen miles higher than 
its source, as this is the di£Esrence between the equatorial and p<dar diameters of the 
earth. On this j^rinc^le, the mouth of the Mississippi is two and a half miles more ele- 
rated than its source. Does it run up hill, and if so, how has its coarse and motion 
originated? The problem, althoagh apparently one of difficulty, admits ci as eaqf 
solution. 

The centrifugal force, caused by the rotation of the earth, has changed Uie form of our 
planet from that of a perfect sphere to that of an ellipsoid, or a q>here flattened at the 
poles, in which the largest diameter, or radius, exceeds the shorter by thirteen miles, th« 
present form being the figure of equilibriam mider the present conditions. The cobesioB 
of the solid particles of the earth has resisted, and does resist, to a limited extent^ 
the influence of the centrifugal force which has changed the original figure; but the par> 
tides of liquid on the earth's surface, being perfectly free to more, yield to the influenoe, 
and are at rest only so long as the figure of an equilibrium is nndisturbed, and always 
more in such a way as to restore it when it is disturbed. Water, consequently, always 
flows from places which are above the figure of equilibrium, to those which are below it. 
Now the mouth of thie Missisfdppi is two and a half miles more distant firom the center of 
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HotrarewaTet 344. When One portion of a liquid ia dis- 
bS^S^xxb foiS tnrbed, the disturbance (in consequence of tho 
""^ ' freedom with which the particles of a liquid 

move upon each other) is communicated to all the other 
portions, and a wave is formed. This wave propagates 
itself into the unmoved spaces adjoining, continually en- 
larging as it goes, and forming a series of undulations. 
_^ ^ , ,. 345. Ordinary sea waves are caused by tho 

What 18 the , , *' n t* 

^»^s*n of ■** ''^iid pressmg unequally upon the surface of 
the water, depressing one part more than an- 
other : every depression causes a corresponding elevation. 

Where the water is of sufiScient depth, waves have only a 
i^^^^of "the "^^rtical motion, ».«., up and down. Any floating body, as a 
-ware aetamiiy bnoy, floating on a wave, is merely elevated and depressed 
Sfsto^a^?* alternately; it does not otherwise change its place. Tho 
apparent advance of waves in deep water is an ocular decep- 
tion : the same as when a corkscrew is turned round, the thread, or spiral, 
appears to move forward. 

.^^^ 346. A wave is a form, not a thing; the form advances, but 

always break not the substance of the wave. When, however, a rock rises 
again^ the ^ ^q surface, or the shore by its shallowness prevents or re- 
tards the oscillations of the water, the waves forming in deep 
water are not balanced by the shorter unduladons in shoal water, and they 
consequently move forward and form breakers. Thus it is that waves always 
break against the shore, no matter in what direction the wind blowa 

When the shore runs out very shallow for a great extent, the breakers are 
distinguished by the name of surf. 

On the Atlantic, during a storm, the waves have been obierved to rise to 
a height of about forty-three feet above the hollow occupied by a ship ; the 
total distance between the crests of two lai^ waves being 659 feet, which 
distance was passed by the wave in about seventeen seconds of time. 

t)ie earVk (i. e., the eenter of figure) than the sonree is. Bat if it had not been for the 
rcfltrainfcig inflaenee of the cohesiye force prevailing among the solid particles, it ironld 
have been, through the aetionof the centriftigal force, tiiree miles higher, instead of two 
an<l a half. It is therefore below the sarface of eqailibrinm, and the water flows south 
to fill up the proper level. 

The question as to whether the river flows np, or down, depends on the meaning ire 
attach to the words used. If by i>owk we mean toward the earth* s center of figure, or 
toward that part of the earth* s sturfaee where the attraction of gravity is the greatest, as 
at the poles, then the Mississippi runs up htU. If, on the contrary, dowk means below 
thesnriace of equilibrium, and up means above the surface of equilibrium, then the Mis- 
Bi<is{pfA flows downward. If the earth were a perfect sphere, the Mississippi would flow 
in an opposite direction. A more complete explanation of this subject will be found in a 
paper read before the American Academy by ProC Levering in 1856, and in the " Annual 
of ddentific Discovery** for 1857, pp. 179^182. 

7* 
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Mow dees the 347. The resistance which a liquid opposes 
H^wS>"Ji^ud to a solid body moving through it, Taries with 
r^^^^^~"^^ the form of the body. 

The resiataiioe of a fiqtiid to a solid flat surfaoe moved per- 
pondicularly against it, will be prop(ntioiial to Hie magnitnde of the sor&CQ 
and to the velocitj with which it moves. 

What »dv»n- If til© sorfiMJe of a solid moved agamst a liquid be presents I 
Ugchasan ob- obKquely with respect to the direction of its motion, instcud 
ii?"*!!!©'!^^ of perpendicularly, the feostsnce win be modified and dimin- 
against » liq- ished; the quantity of liquid displaced will be less, and tho 
^^' sor&ce, acting as a wedge, or inclined plane, will })ossess a 

mechanical advantage, since in displacing the liquid it push^ it aside, instead 
of driving it forward. 

The determination of the particular form which should be given to a mass 
of matter in order that it may move through a liquid with the least resistance^ 
is a problem of great complexity and celebrity in the history of mathematics, 
inasmuch as it is connected with neariy all improvements in navigation and 
naval architecture. The principles involved in this problem require that tho 
length of a vessel should coincide with the direction of the motion imparted 
to it; and they also determine the shape of the prow and of the^surfoces be- 
neath the water. Boats which navigate still waters, and are not intended to 
carry a great amount of fi^ight, are so construcfced that the part of the bot- 
tom immersed moves against the liquid at a very oblique angle. 

Vessels built lor speed should have the greatest possible length, with merely 
the breadth necessary to stow the requisite cargo. 

The form and structure of the bodies of fishes m general, are such as to en- 
able them to move through the water with the least resistance. 
«-. ., 348. In the paddles of steamboats, that one is only com- 

paddles of a pletely effectual in propelling the vessel which is vertical in 
SfeSve^*"'**' the water, because upon that one alone does the resistance 
of the water act at right angles, or to the best advantage. 
In the propulsion of steamboats, it is found that paddle-wheels of a given 
diameter act with the greatest effect when their immersion does not exceed 
the width, or depth, of the lowest paddle-board ; their efiect also increases 
with the diameter of, the wheel 
T- *% AAi The sanount of poww lost by the use of the paddle wheel 

Is the paddle- - «. , . ^ • • jj- 

wheel an ad- as a means of propeUmg vessels is very great, smce, m addi 
me"thS^of*ap- ^^^ ^ *^® ^^^ *^^* ^^y *^® pa^^© which is vertical in tho 
plying poirer water is fully effective, the series of paddles in descending 
YessSs?^*^^ into the water, are obliged to exert a downward iwessurc, 
which is not available for propulsion, and in ascending, to lift 
a considerable weight of water that opposes the ascent, and adheres to the 
paddles. The rolling of the. vessel, also, renders it impossible to maintain tbe 
paddles at the requisite degree of immersion necessary to give them their 
greatest efELciency ; one wheel on one side bemg occafflonally unmcrsed too 
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deeply, while the other wheel, on the other side may be lifted entirely out of 

water. 

349. To remedy in some degree these causes of ineflftcioncy 
and waste, the submerged propelling^wheel, known as the 
screw-propeller, has been introduced within the last few years. 
The screw-propeller consists of a wheel resembling in its form 
the threads of a screw, and rotating on an axle. It is placed 

in the stem of the vessel, below the water-line, immediately in front of the 

rudder. Tig. 144 represents one form of the screw-propeller, and its location 

in reference to the other parts of the yesseL 



Describe the 
construction 
find actiloii of 
the acreir-xat>* 
peUer. 



Fie. 144. 




The manner In which the screw-propeller acts in impelling the vessel for- 
ward, may be understood by supposing the wheel to be an ordinary screw, 
and the water surrounding it a solid substance. By turning the screw in one 
direction or the other, it would move through the water, carrying the vessel 
with it, and the space through which it would move in each revolution would 
be equal to the distance between two contiguous threads of the screw. In 
fact, the water would act as a fixed nut, in which the screw would turn. 
But the water, although not fixed in its position as a solid nut, yet offers a 
considerable resistance to the motion of the screw-wheel ; and as the wheel 
turns, driving the water backward, the reaction of the water gives a propul- 
sion to the vessel in a contrary direction, or forward. 

The great advantage of the screw-propeller is, that its ac- 
tion on the water will be the .same, no matter to what degree 
it may be immersed in it, or how the position of the vessel 
on the sur&ce of the water may be changed. 

350. The application of the force of water in motion for im- 
pelling machinery, is most extensive and familiar. The sim- 
plest method of applying this force as a mechanical agent, is 
by means of wheels, which are caused to revolve by the 
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wdgH Of pressore, of the water appBed to iheir drcmnfeiences. These 
wheels are mounted upon shafts, or axles, which are in torn connected with 
the machinery to which motion is to be imparted. 
Into hoTf many ^51. The watcr-wheels at present most gen- 
▼^S^irhS erally used may be divided into four classes— 
dividUt ii^Q Undershot, the Ovebshot, the Breast 

Wheel, and the Toubbinb Wheel. 

^ _.^ .^ 352. The Undershot Fio. 145. 

Describe the __ , . . r u i 

construction of Wheel consists of a wheel, 
an Underriiofc ^jj ^q circumference of 
Wheel. , , , „ ^ 

which are fixed a number 

of flat boards called ^^float-boards" at equal 
distances from each other. It is placed in 
such a position that its lower floats are im- 
mersed in a running stream, and is set in 
motion by the impact of the water on the 
boards as they successively dip into it. A 
wheel of tiiis kind will revolTe in any 
stream which furnishes a current of suffi- 
cient power. Fig. 145 represents the construction of the undershot wheel 

This form of wheel is usually placed in a "race-way," or narrow passage, in 
such a manner as to receive the full force of a current issuing from the bottom 
of a dam, and striking against the float-boards. And it is hnpOTtant to re- 
member, that the moving power is the same^ whether water &lls downward 
from the top of a dam to a lower level, or whether it issues from an opening 
made directly at the lower leveL This will be obvious, if it is considered 
that the force with which water issues from an opening made at any point in 
the dam will be equal to that which it would acquire in falling fbom the sur- 
face or level of the water in the dam down to the same pdnt 

The undershot wheel is a most disadvantageous method of 

applying the power of water, not more than 25 per cent of 

the moving power of the water being rendered available 

by it. 
353. In the Overshot 

Wheel, the water is received 

into cavities or cells, called 
"buckets," formed in the circumference of the 
wheel, and so shaped as to retain as much of 
llio water as possible, untfl they arrive at the 
lowest part of the wheel, where they empty 
themselves. The buckets then ascend empty 
on the other side of the wheel to be filled as 9 
v.. ?Uy:o. The wheel is moved by the weight of 
tlic water contained in the buckets on the descending side. 
seats an overshot wheeL 



What propor- 
tion of power is 
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dershot wheel? 
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The overshot Vheel is one of the most effectiye yarieties of 
water-wheels, and reoeives its name from the drcmnstanco 
that the water shoots over it It requires a £dl in the stream, 
rather higher than its own diameter. Wheels of this kind, 
when well constructed, utilize nearly tiiree £)urths of the mov- 
ing force of the water. 

354. The Breast Wheel may be considered as a variety 
intermediate between the overshot and the undershot wheels. 
In this, the water, instead of falling on the wheel from above, 
or passing entirely beneath it, is delivered Just below the level 



What propor- 
tion of the 
moving power 
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wheel? 
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Pia. 148. 



of the axis. The race-way, or passage for 
the water to descend upon the side of tfao 
wheel, is built in a circular form, to fit the 
circumference of the wheel, and the water 
thus inclosed acts partially by its weigLt, 
and partially by its impulse, or momentum. 
Fig. 14Y represents a breast-wheel, with its 
circular race-way. 

The br^t-wheel, when well constructed, 
will utilize about 65 per cent, of the mov- 
ing power of the water. It is more efiScient 
than the undershot wheel, but less than tho 
overshot. It is therefore only used where the iall happens to be particularly 
adapted for it. 

355. The fourth dass of water-wheels, the " Tour- 
bine," or " Turbine," is a wheel of modem invention, 
and is the most powerful and economical of all water- 
engines. 

The principles of the construction and action of the 
Tourbine wheel may be best understood by a previous 
examination of the construction of another water- 
engine known as "Barker's Mill." (See Fig. 148.) 

This consists of an upright tube or 
cylinder, furnished with a smaller 
cross-tube at the bottom, and en- 
larged into a fiinnel at the top. The whole cylinder 
U so supported upon pivots at the top and bottom, 
t'liit it revolves finely about a vertical axis. It is 
evident if there are no openings in the ends of the 
cross-tubes, and the whole is filled with water, that 
the entire arrangement will be simply that of a dose 
vessel filled with water, without any tendency to motion. I? however, the 
ends of the arms, or cross-tube, have openings on the sides, opposite to one 
another, .as is represented in the figure, the sides of the tube on which the 
openings are, will be relieved firom the pressure of the column of water in the 
upright tube by the water flowing out, while the pressure on tho Rdes oppo- 
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Describe the 
constmctlon 
and action of 
the Tourbine 
WheeL 



Bite to them, which have no openings, wiH remain the same. The machrno, 
therefore, will revolyo in the direction of the greater pressure, that is, in a 
direction contrary to that of the jets of water. A supply of water poured into 
the funnel-head, keeps the cylinder full, and the pressure of the column of 
water constant 

The action of this machine may also be explained according to another 
view : the pressure of the column of water in the upright tube, will cause the 
water to bo projected in jets from the openings at tiie ends of the arms in 
opposite directions; when the recoil, or reaction of t&ese jets upon the ex- 
tremities of the cross-tubes, gives a rotary motion to the whole nuKihine upon 
its vertical axis. 

The Tourbine wheel derives its motion, like the Baiicer's 
mill, from the action of the pressure of a column of water. 
It consists of a fixed, horizontal cylinder, A B, Fig. 149, in 
the center of which the water enters from an upright tube or 
cylinder, corresponding in position 
^^' ^^^' to the upright cylinder of a Bark- 

er's mill. The water descend- 
ing in the tube diverges from the 
center in every direction, through 
curved water-channels, or com- 
partments, A and B, formed in the 
horizontal cylinder, and escapes at 
the circumference. Around tho 
fixed horizontal cylinder, a hori- 
zontal wheel, D, in the form of a 
ring or circle, is fitted, with its rim 
formed into compartments exactly 
similar to the compartments of the 
fixed cylinder, with the exception 
that their sides curve in an oppo- 
fflte durection. The water issuing 
from tho guide-curves A B, strikes against the curved compartments of the 
wheel C B, and causes it to revolve. The wheel, by attachments beneath tlio 
fixed cylinder A B, is connected with a shaft, E, which passes up through the 
fixed and upright cylinder, and by wliich motion is imparted to machinery. 

The Tourbine wheel may be used to advantage with a fall 

Whjit is the 

efficiency of ^ water of any height, and will utilize more of the force cf 
***« Tourbme the moving power than any otiier wheel — amounting, in sorao 
instances, as at the cotton fectories at Lowell, Mass., to up- 
ward of 80 per cent, of the whole force of the water. 

356. It may appear strange to those unacquamted with tho 
action of hydraidic engines, that so much of the power exist- 
ing in the agent we use for producing motion, as nmniug 
water, should be lost, amounting in the undershot wheel to 
75 per cent of the whole power. This is duo partially to tho 
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fiictioa of the water against the surfaces upon which it flows, and to the fric- 
Uoti of the wheel which receives the force of the current Force is also lost 
by chang;ing the direction of the water in order to convey it to the machinery ; 
in the sudden diange of velocity which the water undergoes when it first 
strikes the wheels ; and more than all, from the &ct that a considerable amount 
of ibroe is left unemployed in the water which escapes with a greater or less 
Y^ooity from every variety of wheel It may be considered as practically 
impossible to construct any form of water-engine which will utilize the whole 
&rce of a current of water. 

367. Water, althou^ one of the most abundant substances in nature, and 
a universal necessity of life, is not always found in the location in which it is 
desirable to tise it Mechanical arrangements, therefore, adapted to raise 
Water from a lower to a higher level, have been among the earliest inventions 
of eve«y country. 

What were 858. The application of the lever, in the 
SSS^4^ form of the old-fashioned weU-sweep (still 
rai^ng water? ^g^^ ^ many paits of this country, and 
thTotLghoat Eastern Asia), of the pulley and rope, and 
the wheel and axle in the form of the windlass, were un- 
doubtedly the earliest mechanical contrivances for raising 
water. 

•> .^ .«„ The screw of Archimedes, invented hy the philosopher 
Describe the , .^, x. /...^r 

Arciiiinedes whose name xt bears, is a contnvance for raismg water, of 

great antiquity. 

This machine, represented in Fig. 

FiCk 160. 150^ consists of a tube wound in a 

spind form about a solid cylinder, A 

B, which is made to revolve by turn- 

ing the handle H. This cylinder is 

placed at a certain inclination, with 

its lower extremity resting in the 

water. As the cylinder is made to 

revolve, the end of the tube dips into 

the water, and a certain portion er- 

ters the orifice cl By continuing 

the revolution of the cylinder, tiio 

water flows down a series of inclined 

planes, or to tiie under side of the 

tube, and if the inclination of the 

tube be not too great, the water will finaUy flow out at the upper orifice into 

a proper receptacle. 
The following diagram, Fig. 151, representing the curved tube in two 

opposite portions, will illustrate the action of the Archimedes screw. Suppose 

a marble droj^ into the tube at a, fig. 1,: if it was kept staticmary in the 
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common pump 
inycntcd ? 



Describe the 
construction of 
the chain-pump. 



PiQ. 15L tube until it was turned half round, as in the 

position, fig. 2, the marble would be at a'; now, 
if at liberty to move, it would roll down to 6'; 
but this effect, which we have supposed accom- 
plished all at ODoe, is really, gradually performed, 
and a rolls down toward b^ by the grsidoal tum- 
M ing of the tube, and reaches y as soon as the 
screw comes into the position marked in fig. 2 ; 
another half turn of the screw would brii^ ^ 
mto its first position, and the marble would 
gradually roll forward to c. 

When was the ^^^* "^^ common suction-pump is a later discovery than the 
screw of Archunedes, and is supposed to have been invented 
by Ctesibius, an Athenian engineer who lived at Alexandria, 
in Egypt, about the middle of the second century before the Christian era.* 
360. The chain-pump 
consists of a tube, or cyl- 
inder, the lower part of 
which is immersed in a well or reser- 
voir, and the upper part enters the bot- 
tom of a cistern into which the water is 
to be raised. An endless chaui is car- 
ried round a wheel at the top, and is 
furnished at equal distances with flat 
discs, or plates, which fit tightly in the 
tube. As the wheel revolves, they suc- 
cessively enter the tube, and carry the 
water up before them, which is dis- 
chaiiged into the cistern at the top of the 
tube. The machme may be set in mo- 
tion by a crank attached to the upper 
wheel 

Fig. 152 represents the construction 
and arrangement of the chain-pump. 
In what sltna- ^^ chain-pump will 

tions is this act with its greatest ef 
BenlXT^df fecti When the cylinder 
in which the plates and 
chain move, can be placed in an inclined 
position, instead of vertically. It is used 
generally on board of ships and in sit- 
uations where the height through which 

the water is to be elevated is not very great, as iu cases where the founda- 
tions of docks, etc, are to be drained. 

" The Buction-pump, and other machines for raising water which depend upon the 
pressare of the atmoaphere, are described under the head of PnenmafciGa. 
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Fonrhatotiier '^^ mwAine is not^ however, used exdnsirely for raising 
pur|>ose8 than Water. Its application, in principle, may be seen in any grist- 
{^^^ ^Ito^ ™^ ^^^^^ ^* conveys the flour discharged from the stones^ 
pnmpiued? " to an upper part of the building, where it is bolted. Dredg- 
ing machines for elevating mud from the bottom irf" rivers, are 
also ooiustniGted on the same principle. 

361. The Hydraulic Ram is a machine 
constructed to raise water by taking advantage 
of the impulse, or momentum, of a current of water sud- 
denly stopped in its course, and made to act in another 
direction. 

The simplest construction <^ the hydraulic ram is repre- 
sented in Fig, 153, and its operation is as follows :— At the 
end of a pipe, B, connected with a spring, or reservoir. A, 
somewhat elevated, from which a supply of water is derived, 
is a valve, E, of such weight as just to &11 when the water is quiet, or still, 

within the pipe ; this pipe is con- 
nected with an air-chamber, D, 
from which the main pipe, F, leads ; 
this air-chamber is provided with 
a valve opening upward, as shown 
in the cut. Suppose now, the 
water being still within the tube^ 
the valve B to open by its own 
weight; immediately the stream 
begins to run, and the water flow- 
ing through B soon acquires a 
momentum, or force, sufiQcient to 
raise the valve E up against its seat The water, being thus suddenly ar- 
rested in its passage, would by its momentum burst the pipe, were it not for 
the other valve in the air-chamber, D, which is pressed upward, and allows 
the water to escape into the air-chamber, D. The air contained in the 
chamber D is condensed by the sudden influx of the water, but immediately 
reacting by means of its elasticity, forces a portion of the water up into the 
tubo F. 

As soon as the water in the pipe B is brought to a state of rest, the valve 
of the air-chamber doses, and the valve B frtUs down or opens ; again the 
stream commences running, and soon acquires sufficient force to shut the 
valve E ; a new portion is then, by the momentum of the stream, urged into 
the air-chamber and up the pipe F ; and by a continuance of this action, 
water will be continually elevated in the pipe F. 

Fig. 154 represents a more improved construction of the ram, in which by 
the use of two air-chambers, and F, the force of the machine is greatiy in* 
creased. A represents the main pipe, B the valve from whence the water 
escapes, Gr the pipe in which it is elevated. 
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As this machine produces a kind of intermitting motion from the alternate 
fiuz and reflux of the stream, accompanied with a noise arising from the {diode, 
its action has been compared to the butting of a ram ; and hence the name of 
the machine. 

It will be seen from these details, that a very insignificant pressing colamn 
of water, running in the supply pipe, is capable of forcing a stream of water 
to a very great height, so that a sufficient fall of water may be obtained in any 
running brook, by damming up its upper end to produce a reservoir, and then 
carrying the pipe down the channel of the stream until a sufficient M is 
obtained. A considerable length of descending pipe is desirable to insure the 
action of the stream, otherwise the water, instead of entering the air-vessel, 
may be thrown back, when the valve is dosed, into the reservoir. 



CHAPTER X. 

PNEUMATIOa 



What la the 862. PNEUMATICS IS that department of 
SeuSatto/ physical science which treats of the motion 
and pressure of air,*^ and other aeriform, or 
gaseous suhstances. 

Into wiutt two 263. Aeriform, or gaseous bodies, may be 
SSS^L^ divided into two classes, viz., the permanent 
^At ^ ^ gas^s? or those which under all ordinary cir- 
cumstances of temperature and pressure are 
always in the gaseous state, as common air ; and the va- 
pors, which may readily be condensed by pressure, or the 
diminution of temperature, into liquids, as steam, or the 
vapor of water. 

364. Atmospheric air is taken as the type, or representative, of all perma- 
nefnt gases, and steam as the type of all yapon, because these substances pos- 
sees the genend properties of gases and yapors m the utmost perfection. 
What is the 865. The atmosphere is a thin, transparent 
atmon>heref fltdd, or acriform substance, surrounding the 
earth to a considerable height above its surface, and which 
by its pecidiar constitution supports and nourishes all 
forms of animal or vegetable life. 

* Atmospheric air ia composed of oxygen and nitrogen mixed together in the proportion 
of seventy-nine parts of nitrogen and twenty-one of oxygen, or about foor-fifths nitrogen 
to one-fifth oxygen. These two gases existing in the atmosphere are not chemically com- 
bined with each other, but merely mixed. 

Beside these two ingredients, there is always in the air, at aU places, carbonic add gas 
and watery vapor, in variable proportions, and sometimeB also the odoriferous matter of 
floorers, and other vcdatile substances. 

The air in an regions of the earth, and at all elevations, never varies in comporitior, so 
fiw as regards the proportions of oxygen and nitrogen which It oontidns, no matter whether 
it be collected on the top of high mountains, over marshes, or over desierts. 

It is a wonderftd principle, or law of nature, that when two gases of dliferont weights, 
or specific gravities, are mixed together, they can not remain separate, as fluids of differ- 
ent densities do, but diffnse themselves uniformly throughout the whole space which both 
occupy. It is, therefore, by this law that a vapor, arisfaig by its own elasticity from a 
volatile substance, is caused to extend Its influence and mingle with the surrounding at- 
mosphere, until its effects become so enfeebled by dilution as to be imperoeptible to the 
senses. Thus we are enabled to ei^oy and perceive at a distanoe the odor of a flower- 
garden, or a perAime whiob haa been caq^oied in aa ap«rtm6nk 
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The atmocrphere is sot, as is generally regarded, invisiSe. 

^h ^'^ TisiS^?^ When seen through a great extent, as when we look npwaid 

in the sky on a clear day, the vault appears of an azure, or 

deep blue color. Distant mountains also appear blue. In both these instances 

the color is due to the great mass of air through which we direct our yisioa. 

The reason that we do not Observe this color in a small quanP- 
a fomiiiqnantl- tity of air is, that the portion of colored light reflected to tbe 
Sbu' Y' ?^* ®y® ^^ * limited quantity is insufficient to produce the requj*- 
ite sensation upon the eye, and in this way excite in the mind 
a perception of the color. Almost all slightly transparent bodies are exam- 
ples of this fact. 

If a glass tube of small bore be filled with sherry wine, or wine of a »mi* 
lar color, and looked at through the tube, it will be found to have all the 
appearance of water, and be colorless. If viewed fi'om above, downward, in 
the direction of its length, it will be found to possess its original color. Ih. 
the first instance, there can be no doubt that the wine has the same color 
as the liquid of which it originally formed a part ; but in the case of emaSi 
quantities, the color is transmitted to the eye so faintly, as to be inadequate to 
produce perception. For the same reason, the great mass of the oceaa 
appears green, while a small quantity of the same water contained is a glaaa 
is perfectiy colorless. 

Does air po8- ^^^' -^7 ^ coinmon with other material 
SS^^uait- substances, possesses all the essential quali- 
tieB of matter? ^jgg ^f matter, as impenetrability, inertia, and 



weight. 

What are 



367. The impenetrability of air may be shown by taking a 
proofs of Jhe hollow vessel, as a glass tumbler, and immersing it in water 
t°*Sf"a*r?^"^' ^*^ **® mouth downward ; it will be found that the water 
will not fill the tumbler. If a cork is placed upon the water 
under the mouth of the tumbler, it will be seen that as the tumbler is pressed 
down, the air in it will depress the surface of the water on which the cork 
floats. The diving-bell is constructed on the same principle. 

„^ ^ 368. The inertia of the air is shown by the resistance which 

What are "^ 

proofs of the it opposes to the motion of a body passing through it Tha^ 
inertia of air? jfyre open an umbrella, and endeavor to carry it rapidly with 
the concave side forward, a considerable force vnll be required to overcome 
the resistance it encounters. A bird could not fly in a space devoid of air,, 
even if it could exist without respu^tion, since it is the inertia^ or resislance 
of the particles of the atmosphere to tiie beating of the wings, which enables 
it to rise. The wings of birds are larger, in proportion to their bodies, than 
the fins of fishes, because the fluid on which they aQt is less dense, and has 
proportionally loss inertia, than the water upon which the fins of fishes act^ 

To what ex- 369. Air is highly compressible and perfectly 

tent is air plQofJp 
compreaaibler eidBllO. 

By these two quaHties air and all other gaseous substances 
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are paztknliffly distinguished from Hqoids, which resist oomprassioxi, and pos- 

sees but a small degree of elasticity. lUustrations of the oompreesibility of air 

are most ^miliar. A quantity of air contained in a bladder, or Indiarnibber 

bag, may be easily forced b j the pre^pore oi the hand, to occupy less space. 

There ia, indeed, no practical limit to the compression of air, for with eveiy 

additional d^pree of fi^ce, an additional degree of compression may be obtained. 

^^ The elasticity, or expansibility of air, also manifests itself 

B<vs «ay Gon> In an unlimited degree. Air cannot be said to hayeany 

?Stome?^ ^ original size or volume, for it always strives to occupy a 

larger space. 

WfaAt are fliM- When a part of the air mdosed in any vessel is withdrawn, 
trations of the .,.,., . j, i. jx- i -i. _^_ « 

exprnirtbHity that which remams, expandhig by its elastic property, always 

«' »^ ' fills the dimensions of the vessel as completely as before. If 

nine tenths were withdrawn, the remaining one tenth would occupy the same 
space that the whole did formerly. 

This tendency of air to occupy a larger space, or in other worda^ to increase 
its volume, causes it when confined in a vessel, to continually press against 
the inner surface. If no corresponding pressure acts from the outer surfooe, 
the air virill burst it, unless the vessel is dT considerable strength.. This fact may 
be shown by the experiment of placmg a bladder partially filled with air be- 
neath the receiver of an air-pump, and by exhausting the air in the receiver 
the pressure of the external air upon the outer surface of the bladder is re- 
moved. The elasticity of the air contained in the bladder being then unre- 
sisted by any external pressure, wUl dilate the bladder to its fullest extent, 
and oftentimes burst it. 

. . 369. Air, as well as all other gases and va- 
pors^ possesses weight. 

The weight of air may be shown by first weighing a suitable vessel filled 
with air ; then exhausting the air from It by means of an air-pump, and weigh- 
ing agmn. The difference between the two weights will be the weight of the 
air contsdned in the vessel. 

The weight of 100 cubic inches of air is about 31 grains. 

To what is fhe ^'^^- ^^^ elasticity, or expansion of air is due 
STdiJeY ^ *^ *^® peculiar action of the molecular forces 
among its particles, which manifest themselves 
in a very different manner firom what they do in solid and 
liquid bodies. 

In solid bocUes, these forces hold the molecules, or particles together so 
doaely, tiiat they can not change their respective positions; they also hold 
t(^ther the particles of liquid bodies, but to such a limited extent only, as to 
enable the partideB to move upon each other with perfect fi-eedom. But in 
gases, or eerifonn substances, the molecular forces act repulsively, and give totlie 
particles a tendency to move away firom each other; and this to so great an ex- 
tent, that nothing but external impediments can hinder their further expansion. 
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What limlta ^^^ qjooBtioOf tiierafon, mi/baniSf ooaan in this eonapoBop, 
the atmosphere viz.: If air ttxpands uniimitedly, when unreitricted, why does 
to the earth? ^^ ^^^ atmosphere leave the earth and difibae itself throogb- 
out space indefinitely ? This It would do were it not for the action of gcaTi- 
tation. The particles of air, it must b^ remembered, possess weighti and by 
gravity are attracted toward the center of the earth, ^niis tendency of gravity to 
condense the air upon the earth's Burfacei is opposed by the mutual repolaoa 
existing between the particles of air. These two foroes counterbalance eadi 
other : the atmosphere will therefore expand, that is^ its particles will separate 
fi'om one another, until the repulsive force is diminished to such an extent as U> 
rouder it equal to the weight of the partides^ or what is the same things to 
the force of the attraction of gravitation, when no further expansion can take 
place. We may therefore conceive tiie partides of air at the upper sui&ce of 
the atmosphere resting in equilibciom, under the infiuenoe of two oppoffite 
forces, viz., their own weight, tending to carry them downward, and the 
mutual repulsion of the particle^ which couBtitatea the elastidty of air, tend- 
ing to drive them upward. 

What law reg. ^^l. The density of the air, or the quantity 
SSr*?f*toe^ contained in a given bulk, decreases with the 
moBpheref altitude, or height above the surface of the 
earth. 

This is owing to the diminished pressure of the air, and 3^a. 155. 

the decreasing force of gravity. Those portions direcUy 
incumbent upon the earth are most dense, because they bear 
the weight of the superincumbent portions; thus, the hay 
at the lower part of the stack bears the weight of that 
above, and is therefore more compact and dense. (See Fig. 
155.) This idea may be conveyed by the gradual ■Vi<Miw|g 
of the figure, which indicates the gradual dimmution in tiie 
density of the atmo^bere in proportion to its altitude. 

When is air 372. Air is said to be rarefied 

eaidtoberare- ■• •• • -i . ■• « 

fled? when it is caused to expand and occupy a 

greater space, 

Grenerally, when we speak of rarefied air, we mean air that is expanded to 
a greater degree, or is thinner, than the air at the inunediate sur&ce of tho 
earth. 

373. The great law governing the compressibility of air, whi(^ ia known 
from it3 discoverer as " Mariotte's Law," may be stated as follows: 

What is Ma- ^ho volumo of space whidi air occupies is in- 
riott.'s La^f verscly as the pressure upon it. 

If tlie compressing force be doubled, the air which is compressed will 
occupy one half of the space : if the compressing force be increased in a three- 
fold proportion, it will occupy one third the space ; if fouifold, one fourth the 
space, and so on. 




vsmnuxioB. 



167 



The rdflfckm betwe^i the oo mpr eeribUity of air, and iti alastict^ and deoa- 
itj, aiao obeys a oertain law which maj thus be exprened : — 

874. The density and elasticity of air are 
directly as the force of compression. 

This ration is clearly exhibited by the following table : — 
With the same amount of air, occupying the space of 

^» ¥> h i> i7 vt Tjr99 
tUe elasticity and density wifl be 1, 2, 3, 4, 5, 6, 100. 

g_ Hence by compreasing air into a very small spaoe^ by means 
lustxwiion* «f of a proper apparatus, we can increase its elastic force to such 
an extent as to i^pply it £xr the production of yeiy powerM 
effects. The well-known toy, the pop-gun, is an example of 
the i^i^icatloii of this power. The space A of a hollow cylinder. Pig. 156, is 
in<doeed by the stopper, p, at one end, and by the end of the rod, S^ at the 
other end. This rod being pushed further into the oyliader, the air contained 
in the space. A, is ocMnpressed until its elastic force becomes so great as to 
drive out the stopper, p^ at the other end of the cylinder with great fbroe^ 



What relation 
exists between 
the eonttpressi- 
bility of air 
and its elastic- 
ity and dsndty f 



the elasticforoe 
of air t 



Pia. 156. 




aooompanied with a report The air-gun is oonstruoted and operated on a 
similar principle. jHq, 157, 

3T5. The laws of Mariotte may be 
inatrate the illustrated and proved by the following 
laws ofMariotte. experiment: let A B C D be a lona 
bent glass tube, open at its longer extremity, and ftir- 
nii^ied with a stopKjodc at the shorter. The stop^jock 
being open so as to aUow free communication with 
tho MT, a quantity of mercury is poured into the 
open end. The sur&ces of the mercury will, of course 
stand at the same level, B F, in both legs of the 
tube, and will both sustwn the weight of a col- 
umn of air reaching from B and P to the top of 
iho atmosphere. If we now dose the stop-cock, D, 
the effect of the weight of the whole atmosphere 
above that point is cut ofi^ so that the sur&ce, F, can 
sustain no pressure arising from the weight of the 
atmosphere. StUl, the level of the mercury in both 
legs of the tube remains the same, because the elas- 
ticity of tho air mdosed in F D is precisely equal, and 
suffident to balance the weight of the whole column 
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of atmosphere pressing upon the stu&ce, E. If this were not thetsase, or if 
there were no air in F D, then the weight of the atmosphere pressing npon 
the surface E would force the mercuiy, fi B F, up Into the space, F B. 2^ 
daaiicily of air is, therefore, direcUy proportionate to the forces or compressumj 
exerted vpon it 

It is evident that the pressure exerted upon the sur&ce, E, Fig. 15*7, what- 
ever may be its amount, is that of a column of air reaching fiom £ to the top 
of the atmosphere, or, as we express it, the weight of one atmosphere. Tho 
amount of this pressure, accurately determined, is equal to the weight, or 
pressure, which a column of mercury 30 inches high would exert on tlio 
same sur&ce. If then, we pour into the tube^ A E, Fig. 15t, as much 
mercury as will raise the sur&ce in the leg A B 30 inches above the 
8ur&ce of the mercury in the leg D C, we shall have a pressure on the 
sur&ce of E equal to two atmospheres; and since liquids transmit prei^ure 
equally in all directions, the same pressure will be exerted on the air induded 
in the leg D F. This will reduce it in volume one hai^ or compress it into 
half the space, and the mercury will rise in the leg D F from F to F'. This 
weight of two atmospheres reduces a given quantity of air uito one half its 
volume. In the same manner, if mercury be again poured into the tube A 
E until tiie sur&ce of the column in A E is 60 inches above the level of the 
mercury in D F, then the air in D F will be compressed into one third of its 
original volume. In the same manner it could be shown, by continuing these 
experiments, that the diminution of the volume of air will always be in the 
exact proportion of the increase of the compressing force, and its volume can 
also be increased in exact proportion to the diminution of the compressing 
forca In lact this law has been verified by actual experiment^ until the air 
has been condensed 27 times and rarefied 112 times. 

Air has been allowed to expand into more than 2,000 times its bulk, and 
it would have expanded still more if greater space had been allowed. Air 
has also been compressed into less than a thousandth of its usual bulk, so as 
to become denser than water. In this state it still preserved its gaseous form 
and condition. 

W th i ht ^^^' ^^ ^^ ^^^ ^ possesses weight, and consequently 
of air known exerts pressure, was not known until about two hundred years 
dente?° *"*■ ago. The ancient philosophers recognized the feet, that air 
was a substance, or a material thing, and they also noticed 
that when a solid, or a liquid, was removed, that the air rushed in and filled 
up the space that had been thus deserted. But when called to give a 
reason for this phenomenon, they said "that nature abhorred an empty 
space," or a " vacuum," and therefore filled it up with air, or some liquid, or 
solid body. 

What Is a 377. A vacuum is a space devoid of matter; 

vacuum? ^ general, we mean by a vacuum a space de- 
void of air. 

No perfect vacuum can be produced artificially; but confined spaces can 
bo deprived of air sufficiently for all experimental and practical purposes. 
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We do not know, inoreover, that any vacaam exists in nature, although there 
is no reason for supposing that the spaces between the planets is filled with 
any material substance. 

If we dip a paU into a pond, and fill it with water, a bole (or vacuum) la 
made in the pond as big as the pail; but the moment the pail is drawn out, 
the bole is filled up by the water around it In the same manner air rushes 
in, or rather is pressed m by its weight, to fill up an empty space. 
How doe^ When we place one end of a straw, or tube in the mouth, 

water rise in a cmd the other end in a liquid, we can cause the liquid to riso 
SJST ^^ "^ in the straw, or tube by sucking it up, as it is called. We, 
however, do no such thing; we merely draw into the mouth 
the porti<m of air confined in the tube^ and the pressure of the external air 
whidi is exerted on the sui&ce of the liquid into which the tube dips, b<»ng 
no longer balaaoed by the elasticity of the air in the tube, forces the liquid up 
into the month. I^ howeyer, the straw weie gradually increased in leogtb, 
we shoidd find that above a certain length we should not be able to raise 
water into the mouth at all, no matter how amall the tube might be in diam- 
eter ; or, in other words, if we made the tube 34 feet long, we should find 
that DO pow^ Gt suction, even by the most powerfiil machinery instead of 
the mouth, could raise the water to that height The water rises in the com- 
mon pump in the Ame way that it does in the straw ; but not above a height 
of 33 or 34 feet above the level of the reservoir. 

How was the ^^^* ^® reason why water thus rises in a straw, or pumft 
aseentof water remained a mystery until explained and demonstrated by Tor- 
tio?*Srt^ €°x°^ "^^ * P^P^ of Oalilea It is dear that the water is saa- 
piainedanddo- talned in the tube by some force, and Tonicelii azgued that 
monstrated ? whatever it might be, the weight of the column of water sus- 
tamed must be the measure of the power thus manifested ; consequently, if 
another liquid be osed, heavier or lighter, bulk for bulk, than water, then ihs 
same force wtat sustain a lesser cr ptecUet column &f such liquid. By using a 
mudi heavier liquid, the oohimn sustained would necessarily be much ahorter, 
and the experiment in every way more manageable. 

Torricelli verified his conclusions in the foflowing manner:— He selected 
for hia experiment mercury, the heaviest known liquid. As this is 13^ 
times heimer feon water, bulk for bulk, it followed that If the force imputed 
to a vaeuum could sustain 33 feet of water, it would neoessarily sustain 
13^ times less, or aibout 30 inches of mercury. Torricelli therefore made tlio 
following experiment, which has since become memorable in the history of 
science: — - 

He procured a glass tube (Fig. 168) more than 30 inches long, open at one 
end, and closed at the other. Filling this tube with mercury, and applying 
his finger to the open end, so as to prevent its escape, he inverted it, plung- 
ing the end into mercury contained in a dstem. On removing the finger, ho 
observed that tho mercury in the tube fell, but did not fall altogetljer fnjto the 
cistern; it only subsided until its surface was at a height of about 30 inches 
above the surface of the mercury in tho pistem. The yes^lt was ^hat Tor- 

9 
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ricelU expected, and he soon Fia, 158. 

perceived the true cause of the 

phenomenon. The weight of 

the atmosphere acting upon 

the surface of the mercury in 

the vessel, supports the liquid 

in the tube, this last being 

protected from the pressure of 

the atmosphere by the closed 

end of the tube. 

379. The fact 
How "wns the ^, . .i. i 

conclusion of that the COl- 
Torriceffi fur- ^^^^ ^jf mer- 
ther verified t 

cury m the 

tube was sustained by the 
pressure of the atmosphere^ 
was further verified by an ex* 
periment made by Pascal in 
France. He argued, that if 
the cause which sustained the 
column in the tube was the 
weight of the atmosphere act- 
ing on the external sur&ce of 
the mercury in the cistern, 
then, if the tube was trans- 
ported to the top of a high 
mountain, where a less quan- 
tity of atmosphere was above 
it, the pressure would be less, 
and the length of the column less. The experiment was tried by carrying 
the tube to the top of a mountidn in the interior of France, and correctlj 
noting the height of the column during the ascent It was noticed that tbo 
height of the column gradually diminished as the elevation to which tlie 
instrument was carried increased. 

The most simple way of proving that the column of mercury contained in 
the tube, as in Fig, 158, is only balanced against the equal weight of a column 
of air, is to take a tube of sufficient lengtli, and having tied over one end a 
bladder, to fill it up with mercury, and invert it in a cup of the same Kquid; 
I lie mercury will now stand at the height of about 30 inches; but if With a 
needle we make a hole in the bladder closing the top of the tube, the mer- 
cury in the tube immediately falls to the level of that in the cup. 
Uovr did the These experiments by TorrioelU led to the invention of the 
experiment of Barometer, It was noticed that a column of mercury sus- 
to^'^th^^inver^ tamed in a tube by the pressure of the atmosphere, the tube 
tion of the Ba- being kept in a fixed position, as in Fig. 169, fluctuated from 
rometer? ^^ ^^ ^^^ within certam small limits. This eflEfect was 
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naturally attributed to the Yariation in the weight or pres- 
sure of the incumbent atmosphere, arising from yarious me- 
teorological causes. 

Tlius, when the air is moist or filled with vapors, it is lighter 
thaji usual, and the column of mercury stands low in the 
tube ; but when the air is dry and free from yapor, it ia heavier, 
and supports a longer oolmnn of mercury. 

So long as the vapor of water exists in the 
atmosphere, as a constituent part of it, it con- 
tributes to the atmospheric pressure, and thus 
a portion of the cdumn of mercury in the ba- 
rometer tube is sustained by the weight of the 
vapor ; but when the vapor is condensed, and 
takes on a visible form, as clouds, etc:, then it no longer 
forms a constituent part of the atmosphere, any more than dusty 
smoke, or a balloon floating in it does, and the atmospheric 
pressure being dhninished, the mercury in the tube falls. In 
this way the barometer, by showing variations in the weight 
of the air, indicates also the changes in the weather. 

380. The space above the m^ncury in the 
barometer tube, A D, f%. 159, is called the 
TorricdUan vacuum, and is the nearest approach to a perfect 
vacuum that can be procured by art; for upon pressing the 



'WTiy Bbonld 
the preflebceof 
coodezMed va- 
por of Water In 
the atDvos- 

phere afEsfctita 
pressure? 



What is the 
most perfect 
v&cuam idth 
which wo are 
acquainted? 

lower end deeper in the mercury, the 
whole tube becomes completely filled; the fluid again 
filling upon elevating the tube, it is therefore a per- 
fect vacuum, with the exception of a small portion 
of mercurial vapor. 

381. Barometers are constructed in very different 
forma — the principle remaining the same, of course, in 
alL The first barometer constructed was simply a tube 
closed at one end, filled with mercury, and inverted 
in a vessel containing mercury, as in Fig. 159. 
What is the ^ ^^^ common form of barometer, 
constmction of Called the " Wheel-Barometer," con- 
lUr<mieto ?^" sists of a glass tube, bent at the bot- 
tom, and filled with mercury. (See 
Fig. 160.) The column of mercury in the long arm 
of the tube is sustained by the pressure of the atmos- 
phere upon the surfece of the mercury in the shorter 
arm, the end of which is open. A small float of iron 
or glass rests upon the mercury in the shorter arm of 
tho tube, and is suspended by a slender thread, which 
is passed round a wheel carrying an index, or pointer. 
As the level of the mercury is altered by a variation 
of the pressure of the atmosphere, the float restmg 



Fig. 160. 
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upon the open «mfa<se, is niaed or lowered in the TtQ. 161. 

tube, moving the index oyer a dial-plate, upon which 
the various changes of the weather are lettered. 

Fig. 160 represents the internal structure of the 
wheel-barometer, and Jig. 161 its external appear^ 
anoe, or casing, with a thermometer attached. 
Describt the '^ ^^^ curious barometer, called 
Aneroid Ba- the ** Aneroid Barometer,^ has been 
rometer. invented and brought hito use within 

the last few yearn. Pig. 162 respresents its ap- 
pearance and construction. Its action is dependent 
on the efifect produced by atmospheric pressure on a 

PiQ. 162. ^^^ ^^ ^^°^ 

^ which the air 

9 /["xi ♦ ^^^ ^®®^ ®^" 

W ^Orf^h* hausted. In the 

M ^^pr interior of the 

' K box is a circu- 

lar spring of , 
metal, fastened 
at one extremi- 
ty to the sides 
of the box, and 
attached at the 
other extremity 
by a suitable ar- 
rangement to a 
pointer, which 
moves over a 
dial-plate, or 
scale. The in- 
terior of the box bemg deprived of air, the atmospheric pressure upon the 
external surfaces of the metal sides is very great, and as the pressure varies, 
these surfaces will be elevated and depressed to a slight degree. This motion 
is communicated to the spring in the mterior, and from thence to the pointer, 
which, moving upon the dial, thus indicates the changes in the weather, or 
the variation in the pressure of the atmosphere. 

What are the Water, or some other liquid than mercury, may be used for 
pecQliaritiMof filling the tube of a barometer. But as water is 13^ times 
rometer?^" ' ^^S^^^ than mercury, the height of the column in the water- 
barometer supported by atmospheric pressure, will be 13^ times 
greater than that of mercury, or about 34 feet high; and a change whicli 
would produce a variation of a tenth of an inch in a column of mercury, would 
produce a variation of an inch and a third in the column of water. The 
water-barometer is rarely used, for various reasons, one of which is, that a 
barometer 34 feet high is unwieldy and difficult to transport. 





PKBUJUATIOB. 173 

382. TheonimaiyufleofthQharoizieteronlaiidasaweather 
value of the w^cator is extremely limited and \mcertain. It has been 
barometer w a already stated that the weight of 100 cubic inches of air is 
cator t aoout 30 grama To obtam this roiult, it is necessary that the 

experiment should be peribrmed at the level of the sea^ and it 
is also requisite that the temperature of the air should be about 60o Fahren- 
heit's thermometer, and that the height of the column of mercury in the ba- 
roraetdF tube should be 30 inchea. An these conditions vary, the weight, or 
pressure of the atmosphere,' and consequently the height of the mercury in 
tiie barometer tube must also vary. Especially will the height of the mei^ 
curia! column vary with every change in the position of the instrument as 
regards its elevation above the lev^ of the seaw A barometer at the base of 
a lof^ tower will be higher at the samo moment than one at the top of the 
tower, and consequently two such barometers would indicate different oom- 
incr changes in the weather, though absolutely situated in the same place. No 
correct judgment^ therefore, can be formed relative to the density of the at- 
mospbere as affecting the state of the weather, without reference to the situ- 
ation of the instrument at the time of making the observation. Consequently, 
no attention ought to be paid to tlie words "/atr, rain, changeable,''^ etc., fii- 
quently engraved on the plate of a barometer, as they will be found no cer- 
tain indication of the correspondence between the heights marked, and the 
state of the weather. 
« ,- X ^ * Tbe barometer, however, may be generally relied on for 

To what extent « . ,. . „ . «., . « , , 

inaj the ba* fumishmg an mdication of the state of the weather to this ex- 

lk?o?fo?fort- tent ;— that a faU of the mercury in the tube shows the ap- 
Miing changes proach of foul Weather, or a storm ; while a rise indicates 
in the weather ? ^j^^ approach of fau- weather. 

At sea, the indications of the barometer respecting the weather, are gener- 
ally considered, Sx>m vorioaa chrcumstanoes, more reliable than on land: the 
great hurricanes which frequent the tropics, are almost always indicated, some 
time before the storm occurs, by a rapid fall of the mercury. 

383. If a barometer be taken to a point elevated above the 
barometer be surface of the earth, the mercury in the tube will fail ; because 
raTrrfng' ^'^e ^ ^® BSGmd, above the level of the sea, the pressure of the 
height of atmosphere becomes less and lees. In this way the barometer 
mountains ? ^^^ ^ ^^^ ^ determine the heights of mountains, and tables 
bave been prepared showing the degrees of elevation corresponding to the 
amount of depression in the column of mercury. 

What Ls the 384. Thc absolute height to which the at- 
orthfaSl!* mosphere extends above the surface of the 
pJ^ere? ga,rth is not certainly known. There are good 

reasons, however, for believing that its height does not 
exceed fifty miles. 
This envelope of air is about aa thick, in pr^^rtioo to the whole globe, as 
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the liqnid layer adhering to an orange after it has been dipped in water, is 
to the entire mass of the orange. Of the whole bulk of the atmosphere^ the 
zone, or layer which suirounds the earth to the height of nearly 2 3-4 miies 
from its snrface, is supposed to contain one half The remaining half being 
relieved of all superincumbent pressure, expands mto another loone, or belt, 
of unknown thickness. Fig. 163 wiU oonrey an idea of the proportion which 
the highest mountains bear to the erurature of the eartii, and the thickness 
of the atmosphere. The concentric lines divide the atmoephere into six layers, 
containing equal quantities of air, showing the great oompresaon of the lower 
layers by the weight of those above them. 



Fig. 163. 



.f^lf/Pm'/' 




BIMAX^lTAS. 



wii«t ia th "Water is about 840 times the weight of air, taken bulk for 

comparative bulk, and the weight of the whole atmosphere enveloping cor 
JjJ^ht^of the globe has been estimated to be equal to the weight of a globe 
of lead sixty miles in diameter. 
If the whole air were condensed, so as to occupy no more space than the 
same weight (^ water, it would extend above the earth to an elevation of 
thirty-four feet 

385. All aeriform, or gaseous substances, 
like liquids, transmit pressure iu every direc- 
tion equally ; therefore, the atmosphere presses 
upward, downward, laterally, and obliquely, 

with the same force. 

386. The amount of pressure which the at- 
mosphere exerts at the level of the ocean is 
equal to a force of 15 pounds for every square 
inch of surface. 

The sur&ce of a human body, of aven^ size, measures 
about 2,000 square inches. Such a body, therefore, sustains 
a pressure from the atmosphere amounting to 30,000 pounds, 
or about 16 tons. 

The reason we are not crushed beneath so enormous a load, 
is because the atmosphere presses equally in all directions, 



How is the 
pressure of 
aeriform snb- 
Btanoes exert- 
ed? 



What is the 
amount ef 
preasure ex- 
erted by the 
atmosphere? 



IVhatpressare 
is sustained 
by the homan 
body? 



Why are we 
not crushed by 

SeStmoi^hew? and our bodies are filled with liquids capable of Bustaining 

pressure, or with air of the same density as the external air; 
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B(X that the external p r e sB ur e is met and counterbalanced by the intemal le- 
eostance. 

If a man, or animal were at once relieved of all atmospheric pressorei aQ 
the blood and floida of the body would be forced by expansion to the sui^ice^ 
and tbe vessels would burst 

"WTi t efiect is TeTsona who ascend to the summits of very high mountains, 
experienced in or who rise to a great elevation in a balloon, have experienced 
^?**^"^i^**' the most intense suffering from a diminution of the atmos- 
pheric pressure* The air contained in the vessels of the body, 
being relieved in a degree of the external pressure^ expands, causing intense 
pain in the eyes and ears^ and the minute veins of the body to swell and 
open. Travelers, in ascending the high mountains of South America, have 
notieed the blood to gush from the pores of the body, and the skin in many 
places to crack and burst. 

\rhat iM th ^® become painfhlly sensible of the effect of withdrawing 

principle of the external pressure of the atmosphere from a portion of the 
** eup^igr* gi^ of the body in the operation of cupping. Kiia is effected 
in the following manner : a vessel with.an open mouth is connected with a 
pamp, or apparatus for exhausting the air. The mouth of the vessel is ap- 
plied in ur-tight contact with the skin ; and by working the pump a part of 
the £dr is withdrawn from the vessel, and consequently the skin within the 
vessel is relieved from its pressure. All other parts of the body being still 
subjected to the atmospheric pressure, and the elastic force of the fluids con- 
tained in the body having an equal degree of tension, that part of the skin 
which is thus relieved from the pressure swells out, and will have the ap- 
pearance of being sucked into the cupping-glass. 

If the lips be applied to the back of the hand, and the breath drawn in so 
as to produce a partial vacuum in the mouth, the skin will be drawn, or sucked 
in — not from any force readent in the lips or the mouth drawing the skin in, 
but from the feet that the usual external pressure of air is removed, and the 
pressure from within the skin is allowed to prevaO. 

^^^ ^ ^ The sense of oppression and lassitude experienced in sum- 
Why do weof- X ^ • J 1- 

ten feel op- mer previous to a storm, is caused by 

V^^ i^^^ * diminished pressure of the atmosphere. '^^' 

The external air, in such instances, be- 
comes greatly rarefied by extreme heat and by the con- 
densation of vapor, and the air inside us (seeking to 
become of the same rarity) produces an oppressive and 
sutlbcating feeling. 

« _^ .^ 38T. The direct effects of atmospheric 

Describe the , .„ . . , , 

common suck- pressure may be mustrated by many 

*'• practical experiments. If a piece of 

moist leather, called a sucker, Fig. 164, be placed in 
close contact with any heavy body, such as a stone, or a 
piece of metal, it will adhere to it, and if a cord be at- 
tached to the leather, the stone, or metal, may be raised 
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Up<m 
principle are 
flics enabled to 
valk apon the 
eelling, etc ? 



IIxpbiD the 
principle and 
construction of 
the exhanstiog 
syringe and air- 
pump? 



by it The effect of the socker Arises torn the ezefauba of the air between 
the leather and the surfaoe of the stone. The weight of the atmoephere 
preaeB their surfaces together with a force amoimtiAg to 15 pounds on every 
square inch of the surface of contact If the sucker could act with M^ 
effect, a disc an inch square would support a weight of 15 pofmids ; two 
square incheSi 30 pounds, etc. The practical effect, hawoTer, of the sucker 
is much lessL 

388. The power of flies and other small insects to walk on 
oeihngs, and surfaces presented downward, or upon smooth 
panes of glass, in opposition to the grayitj of tbefr bodies Is 
explained upon the same principla Their feet lore proyided 

with an apparatus which acts as the sucker applied to the stone, exdoding 
the air between the base of the loot and the surface with which it ia in con- 
tact; the atmospheric pressure keeps the animal in positios. 

389. For the purpose of exhibiting the effects produced hy 
ftie atmoq)hero in different conditions, and for yanoos pracd- 
cal purposes^ instruments hare been contrived hj whk^ air 
may be removed fix>m the interior of a vessel, or condensed 
into a small space to any extent, within certain limits. The 

first of these requirements may be obtained by the use of the instHnnents 
known as the exhausting ^Tringe and the air-pump. 

The exhausting syringe consists of a hollow cylinder, generally ^KF. 16Su 
of metal, B C, Fig. 166, very truly and smoothly bored upon the 
inside, and having a piston moving in it air-tight This cylinder 
communicates by a screw and pipe at the bottom, with ai\y ves- 
sel, generally called a receiver, from which it is desirable to with- 
draw the air. The pistcm has a valve at £, opening upward, 
and at the bottom of the cylinder another valve precisely similar 
IS placed, which also opens upward, shown at A. Suppose 
now the piston to be at the bottom ci the cylinder and the re- 
ceiver to be in proper connection — ^upon raising the piston by 
the handlev D, a vacuum is made hi the cylinder ; immediately 
the air in the receiver expands, passes through the valve A at 
the bottom of the cylinder, and fills its interior ; upon depressing 
the piston, the valve £ opening upward permits the air to pass 
through, and the valve A at the bottom of the cylinder closing, 
prevents it from passing back into the receiver. Upon again 
raismg the piston, a further portion of air expanding from the 
receiver, enters the interior of the syringe, and upon depressing the jMSton, 
passes out through its valve. It is evident that this operation may be con* 
tinued as long as the air within the receiver has elasticity sufficient to force 
open the valves. 

The process of removing air from a vessel, or receiver, by means of the ex- 
hausting syringe is slow and tedious, and more powerful instruments, known 
as air-pumps^ are generally employed for this purpose. The modem form 
of constructing the air-pump is represented by Fig. 166. The principle of its 
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Fio. lee. 




coostroctlon is the same as 
that of the exhausting 87- 
rixige, the piston being work- 
ed by a lever or handle, aain 
the common pomp^ the yalves 
opening and closing with 
groat nicety and perfection. 

wh.t I. ih. 381 When 
constmctioiKtf the densi^ 
^^H^^r^^ of the air ia 

required to 
be increased, the condensing 
syringe, the converse of the 
exhausting syringe, is em- 
ployed. It consists merely 
of an exhausting syringe, or 
air-pump, reversed, its valves 
being so arranged as to force 
air into a diamber, instead of 
drawing it out For this 
purpose, the valves open 
inward in respect to the interior of the cylinder, while in the exhausting 
syringe and air-pump, they open outward. 

382. That the air in the inside of 

vessels is the force which resists and 

counterbalances the great pressure 

of the external atmosphere, may be 

proved by the following experiment : 
A strong glass vessel, Fig. 167, is provided, open 
both at top and bottom, and having a diameter of 
four or five inches. Upon one end is tied a bladder, 
80 as to be completely air-tight, while the other end is 
placed upon the plate of an air-pump. Upon exhaust- 
ing the aJx from beneath the bladder, it will be forced 
inward by the pressure of the air outside, and when the 
exhaustion has been carried to such an extent that the 
Btrongth of the bladder is less than this pressure, it wHl 
burst with a loud report 

AVhat i8 the ^®^' ^^® air-pump was invented, in 
experiment of the year 1660, by Otto Guericke, a Gror- 

man, and at a great public exhibition of 

its powers, made In the presence of the 
emperor of Germany, the celebrated experiment known 
as tiio " Magdeburg Hemispheres," was first shown. The 
Magdeburg Hemispheres, so called from the city where 
Guericke resided, consist of two hollow hemispheres of 

8* 



What is an ex- 
perimental 
proof of the 
crushing force 
of tho atmos- 
phere ? 



Fig. 167. 




Fia. 168. 



the Magdeburg 
Hemispheres? 
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Describe the 
principle and 
construction of 
the guometer. 




Fig. 170. 



brass, Fig. 168, which fit together air-tight. By exhatistmg the air In tiiek 
interior, hj meaDS of the air-pump, and a stop-cock arrangement affixed to 
one of the hemispheres, it will be found that thej can not be pulled apart 
without the exertion of a very great foree, since they will be pressed to- 
gether with a force of 15 pounds for every square inch of their surface. 
In the exhibition above referred to, given of these hemispheres by Guerickc, 
the surfeoes of a pair constructed by him were so large, that thirty boracs, 
fifteen upon a side, were unable to pull them apart By admitting the air 
again to their hitenor, the Magdebuiig hemispheres fall apart by their own 
weight. 

Another interesting example of atmospheric pressure is, 
to fill a wine-glass, or tumbler with water to the brim, 
and, having placed a card over the mouth, to invert it 
cautiously. If the card be kept in a horizontal position, 
the water will be supported in the glass by the pressure 
of the air against the surface of the card. (See Fig. 169.) 
384. In a like manner, if we take a 
jar, and having filled it with water, in- 
vert it in a reservoir or trough, as is rep- 
resented in Fig. 170, it will continue to be 

completely filled with water, the li- 
quid being sustained in it by the pres- 
sure of the atmosphere upon the water 
in the vessel Such an arrangement 
enables the chemist to collect and pre- 
serve the various gases without admix- 
ture with air J for if a pipe or tube 
through which a gas is passing be 
depressed beneath the mouth of the 
jar, so that the bubbles may rise into 
it, they will displace the water, and be 
collected in the upper part of the jar, 
free of all admixture. 

The gasometers, or large qrlindrical 
vessels in which gas is collected in 
gas-works for general distribution, are 
constructed on this principle. They 
conast, as is shown in Fig. 171, of a 
large cylindrical reservoir suspended with its mouth downward, and plunged 
in a cistern of water of somewhat greater diameter. A pipe which leads 
from the gas-works is carried through the water, and turned upward, so as to 
enter the mouth of the gasometer. The gas, flowing through the pipe, rises 
into the gasometer, filling the upper part of it, and pressing down the water. 
Another pipe, descending from the gasometer through the water, is continued 
to the service pipes, which supply the gas. The gasometer is balanced by 
counter weights supported by diams, which pass over pulleys, and just such 
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a pi^)onderanc6 is allowed. U> it as is suffldent to give the gas contained in 
it Uie compression necessary to drive it through the pipes to the remotest part 
ofihe district to be illaminated. 

Fig. 171. 




Why wfll not 
a liquid fioir 
from a tight 
cask vith only 
one opening? 



385. A liquid will not flow continuously fipom a tight cask 
after it has been tapped or pierced, unless another opening 
is made as a vent-hole, in the upper part of the cask. The 
cask being air-tight, with the exception of a single opening 
the surface of the liquid in the vessel will be excluded fix>m 
the atmospheric pressuno, and it can only flow out in virtue of its own 
weight But if the weight of the liquid be less than the force of the air press- 
ing upon the mouth of the opening, the liquid can not flow from the cask; the 
moment, however, that the air is enabled to act through the vent-hole in the 
tipper part of the cask, the pressure below is counterbalanced, and the liquid 
descends and runs freely through the opening by its own weight,. 

If the lid of a tea-pot or kettle be air-tight, the liquid will not flow freely 
from the spout, on account of the atmospheric pressure. This is remedied by 
making a small hole in the lid, which allows the air to enter from without 
The Pneumatic Ink-stand, de- 
signed to prevent the ink from 
thickening, by the exposure of a 
small surfkce only to the air, is 
constructed upon the principles 
of atmospheric pressure. It consists of a close 
glass vessel, represented in Fig. 172, from the 
bottom of which a short tube proceeeds, the 
depth of which is sufficient for the Immersion 
of the pen. By filling the ink-stand in an inclined position, we exclude the 
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principle and 
com^bnictlonof 
the Pneatoatf 
Ink-stand ? 



Pig. 172. 




182 



WBLLtfS NATURAL PHILOSOPHY. 




pipe, descends into the water which it is designed to Fia. 1*73. 

raise. In the barrel works a piston containing a yalve^ 

Pj opening upward. A similar valve, ^, is fixed in the 

body of the pump, at the top of the suction-pipe. S is 

a spout from which the water raised by the working of 

the piston is discharged. 

The operation of the pump in raising water is as fol- 
lows ; — when the piston is raised from the bottom of the 
cylinder, the air above it is drawn up, leaving a vacuum 
below the piston ; the water in the well then rushes up 
through the valve g^ and fills the cylinder ; the piston is 
then forced down, shutting the valve, ^, and causing the 
water to rise through the piston-valve, p ; the piston is 
then raised, closing its valve, and raising the water 
above it, which flows out of the spout, S. 

,^ , 891. Water rises in a pomp 

Why does . • -■ i i 

water rbe in* Bimplv and entirely by the 

common pump r ^ -^ /• it 1 i 

pressure of the atmosphere 
(15 pounds on every square inch), which 
pushes it up into the void, or vacuum left by the up- 
drawn piston. 

Toirhatheight ^92. Tho commou, or suction pump, can 
Jifth^ii^ not raise water beyond the point of height at 
pomp? which the column of water in the pump tube 

is exactly balanced by the weight of the atmosphere. The 
utmost limit of this does not exceed 34 feet. 

The height to which water is thus forced up in a pump is simply a question 
of balance ; 15 pounds^ pressure of the atmosphere can support only 15 pounds* 
weight of water ; and a column of water, one inch square and 34 feet high, 
will weigh 15 pounds. As the pressure of the atmosphere is subject to va- 
nations, and as the mechanism of the pump is never absolutely perfect, the 
length of the pipe through which water is to be elevated ought never to 
exceed in practice 30 feet above the level of the water in the well, or reser- 
voir. 

893. A valve, in general, is a contrivance Uy 
which water or other fluid, flowing throtigh a 
tube or aperture, is allowed free passage in one direction, 
but is stopped in the other. Its structure is such, that, 
while the pressure of fluid on one side has a tendency to 
close it, the pressure on the other side has a tendency to 
open it. 



What is a 
ValTe? 
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Vigs. IT4, 1T5, and 1*76, represent the Tftrious forms of valves used in 
pumx)8, water-engines, etc 

Fig. 174. Pio. 175. Fig. 17G. 





Fia. 177. 



394. When it is desired to raise water to a greater height than 34 foci, a 
modification of the pomp, called the forcing^pump, is employed. 

wh«t is • The Forcing-Pump is an apparatus which 
porcfag-pmnpf j^jgeg watcr from a reservoir, on the principle of 
the suction-pump, and then, by the pressure of the piston 
on the water, elevates it to any required height. 

Fig. 177 represents the principle of the construction 
of the fordng^pump. There is no valve in the pis- 
ton c (Fig. 177), but the water raised through the suo- 
tion-pipe a, and the valve ^, by the elevation of tho 
piston, is forced by each depression of the piston up 
through the pipee e, which is fbmished with a valve to 
prevent the return of the liquid. 

The forcing^pump, as constructed in Fig. 177, ejects 
the water only at each stroke of the piston, in the 
manner of a syringe. When it is desired to make the 
flow of the water continuous 
as in a fire-engine, an aur, 
chamber is added to the 
force-pump, as is represented 
at A, Fig. 178. The water 
* then, instead of immediately 

passing off through the discharging^pipe, partially 

fills the air vessel, and by the action of the piston 

in the pump, compresses the air contained in it 

The elasticity of the air, thus compressed, being in- 
creased, it reacts upon the water, and forces its ascent 

ia the discharge, or force-pipe. When the air in the 

chamber is condensed into half its original bulk, it 

will act upon the surface c^ the water with double 

the atmospheric pressure^ while the water in the 

force-pipe, being subject to only one atmospheric 

pressure, there will be an unrestricted force, press- 
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iDg the water up, equal to one atmoephere: consequently, a eolunm of wafer 
will be sustained, or projected to a height of 34 feet. When the air » ocfib 
densed into one third of its bulk, its elastic force will be increased three- 
fold, and it will then not only counterbalance the ordinary atraoepherie 
pressure, but will force the water upward with a pressure equal to two at- 
mospheres, or 64 feet, and so on. The ordinary fire-engine is simply a conye- 
nient arrangement of two forcing-pumps, furnished with a strong air-chamber, 
and which are worked successive Viy the elevation and depression of two 
long levers called brakes. 

wiiat is a 895. The Syphon is an apparatus by which 
Byphonf ^ liquid can be transferred from one vessel to 
another without inverting, or otherwise distorbing the 
position of the vessel from which the liquid is to be re- 
moved. 

In its simplest form, the syphou consists of a bent 
tube, ABC, Fig. 119, having one of its branches 
longer than the other. If we immerse the short arm 
in a vessel of water, and by applying the mouth to 
the long arm, as at C, exhaust the air in the tube, 
tlio water will be pressed over by atmoepheric pres- 
sure, and continue to flow so long as the end of the 
lower arm is below the ievel of the water in the vessel 
Upon what '^^^ action of the syphon is readily 
principle does explained : the column of Hquid in 
theByphonact? ^^^ j^^g^ ^^^^ ^^^ ^y^^ reachmg in 

the shorter arm from the top of the curve or bend to the surfece of the liquid 
i I the vessel, have both a tendency to obey the attraction of gravity and M 
o »t of the tube. This tendency is opposed, however, on both ades, by 
atmospheric pressure, acting on one side at the opening C, and upon tbe 
other upon the surface of the liquid in the vessel, thus preventing, in the 
interior of the tube, the formation of a vacuum, which would take place at 
tho curve, if the two oolunms ran down on both sides. But the column 
on one side being longer than upon the other, the weight of the long 
column overbalances the short one, and determines the direction of tho 
flow; and in proportion as the liquid escapes from the long arm, a fresh 
portion is forced into the short arm on the other ade by the pressure of 
the air. The syphon is, therefore, kept full by the pressure of the atmoa- 
phere, and kept runnmg by the irregularity of the lengths of the oolunms in 
its branches. 

A snction-tube is sometimes attached to the syphon to make it more use- 
ful and efficient, as is represented in Kg. 180. By this means we may fill 
tlie whole sjrphon without the liquid entering the mouth, by sucking at 
the end of the suction-tube, and temporarily closing the Qnd of the longer 
arm. 

In order that the dischai^ of a liquid by meaos of the syphon should be 
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perfectly oonatant, it la neo- FiQ, 180. Fia 181. 

easary that the difference 

of lengths of the oolmmis 

liquid in both branches 

eiioald be Immovable. 

This may be effected bjr 

coDnecting the sjphon with 

a iloat and |>ulley, as is 

r presented in Fig. 181. 

_ , . ., The cnri- 

rJicnoracnon ODS phenO- 

of intermitting menon of 
Bpnags. 

intermittu^ 

springs may be explained 
npoQ the principle of the 
syphon. These springs run 
for a time and then stop^ - '- 'r:~/- 
altogether, and after s^ time %_^:z—^''-^,^^jm 
run again, and then stop. |^ - ^-^ - ' 
If wo suppose a reservou* '^^ ji^ii^^- — ^^--^n-" '^Vr 
in the interi(»> of a hill or '"^'^^^^^^^-^TSt^"^^^''*:^^^ 
mountain, with a syphon- 

liko channel running from it, qa j»j^ Ig2 

in Fig. 183, then as soon as the 
water collecting in the reservoir 
rises to the height shown by the 
dotted lino, the stream will be- 
gin to flow, and continue flow* 
ing till the reservob: is nearly 
emptied. Again, after m in- 
terval long enough to fiU the 
reservoir to the requured height^ 
it will again flow, and so on. 

When win a 396. If a solid substance have the same 
^endeTi; density as atmospheric air, it will, when im- 
the air? mcrsed in air, lose its entire weight, and will 

remain suspended in it in any position in which it may 
be placed. 

When irffl a ^^'^' If a soM body, bulk foF bulk, bc lighter 
tte air'?^® *° thau atmosphcric air, it is pressed upward by 
the surrounding particles of air, and rises, upon 
the same principle as a cork rises from the bottom of a 
vessel of water. (See § 85.) 
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As the density of the air oonttnoally dummies as ira 
^^iiSS* **^^ ^^ *^® sux&ce of the eartl?, it Is evident tiiat uoch 
ing body re- a body, as it goes up, will finally attain a height where the air 
main stetioii. ^^^ j^^^^ ^^ ^^^^ density as itself and at suchapointfte 
body will remain stationary. Upon this prmdple clondfly at 
different times, float at different degrees of elevation. 

It is also upon these principles that aerostation, or the art of navigating tiie 
air, depends. 

What are Bai- 898. Balloons are machines which ascend 
looM? through the atmosphere, and float at a certain 
height, in virtue of being filled with a gas or air lighter 
than the same bulk of atmospheric air. 
wh* tha Balloons are of two kinds. Montgolfieb, 
tiro Tarietiea or rarcficd air balloons, and Hydrogen gas 
*^°* balloons. The first are filled with common 
air rarefied by heat, and thus made lighter than the 
surrounding atmosphere ; while the second are filled 
with hydrogen^ a gas about fourteen times lighter than 
air. 

Dewnibe the ^^ rarefied air-balloon was Inrented by Monl^lfier, a 
Montgoifier, or French gentleman, in 17 82, who first filled a paper bag with 
rax«fledairhal- heated air, and aUowed it to pass up a chinmey. He after- 
ward constructed balloons of silk, of a spherical shapes witii 
an aperture formed in the lower surface. Beneath this opening a light win 
basket was suspended, containing burning material. The hot air arisdng firom 
the burning substances, enters the aperture, and rendering the balloon spedfio- 
aUjT lighter than the air, causes it to ascend with oonsideTable v^ocHy. 
SmaU balloons of a similar character are frequently made at the present day 
of paper, the air within them being rarefied by means of a sponge soaked in 
alcohol, suspended by a wire beneath the mouth, and ignited. 
Describe the ^® hydrogen gas balloon consists of a light silken bag, 
hydrogen gas filled either with hydrogen, or common illumination gas. The 
baUoon. diflference between the specific weight of either of these gases 

and common air is so great, that a large balloon filled with them posseaaes 
ascensional power sufficient to rise to great heights, carrying with it consid- 
erable additional weight The aeronaut can descend by allowing the gas to 
escape by means of a valve, thereby diminishing the bulk of the balloon. To 
enable him to rise again, ballast is provided, generally consisting of bags of 
sand, by throwing out which, the baUoon is lightened, and accordingly 



By means of one of these machines Gay Lussac, au eminent French chem- 
ist, ascended in 1804, for the purpose of making meteorological observations, 
to the great height of 23,000 feet 
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BotheuvBof 399. Air obeys the laiwi of motion which 
toS?? *^*^ *^ common to all other material and ponder- 
able substances. 
Howuthcmo- 400. The momentum of air, or the amount 
SteSfcted'?**' of force which it is capable of exerting upon 
bodies opposed to it, is estimated in the same 
way as in the case of solids, viz., by multiplying its weight 
by its velocity. 

What fflos- '^^ momentum of air is nseflilljr employed as a mechanical 
traUons of the ageat in imparting motion to wmd-mills and to ships. Its 
momentum of ^^Qg^ g^j^jg^ eflfects are seen in the force of wind, which oc- 
caaionallj, in hurricanes and tornadoes, acts with feaiful 
power, prostrating trees and buii'dings. Such results are caused hj the mo- 
mentum of the air being greater than the force bjr which a building, or a tree 
is fastened to the earth. 

,^^ ^ 401. Any force acting suddenly upon the air finom a center, 

the rings of imparts to it a rotary movement A yexy beautiful illustra- 
"d^^^B^Sn* ^^ of this is seen in the rings of smoke which are produced 
and in tbe dis- by the mouth of a ddlftil tobacco-smoker, and frequently also 
Son?^ ®^ **"* upon- a much larger scale by the discharge of cannon, on a 

stiU day. In these cases a portion 
of air acted upon suddenly from a center is caused ^^- ^^^* 

to rotate, and the particles of smoke render the mo- v^jJ^^JJ^tjPlS^Se 
tion visible. The whole circumference of each IK^!*' ^ ^^^ 

cirde is in a state of rapid rotation, as is shown by ^^I^]^StlIS^ 
the arrows in Fig. 183. The rapid rotation in ^^ 

short, confines the smoke within the narrow limits of a drcle, and causes the 
rings to be well defined. 

PRACTICAL PROBLEMS EST PNEUMATICS. 

1. IflOO enble inehes of air weigh 31 gndm, what win be the weight of one enbic foot f 

2. If the preware of the atmoaphere he 15 poands npon a sqnare ineb, what presffore 
will the body- of an animal anatain, whoae aape^elal anrfkoe ia forty aqnaie feet f 

3. When tbe etovatlon of tbe marcnry in tbe barometer ia 88 inebea, wbat win be tbe 
height of a colnmn of water supported by the preaanre of the atmc»iphere f 

Solution: Colamn of mercory aapported by the atmoaphere «■ 28 inebea. Merennr 
being 13^ timea heavier than water, the eolnmn of water aapported by the atmoaphere -" 
13^x28=31 feet. 

4. When the eleyation of the mercury la the barometer la 80 inehea, what wiU be the 
height of a column of water anpported by the atmoaphere? 

6. To what height may water be raiaed by a common pump, at a place where the ba- 
rometer atanda at 24 inehea ? 

6. If a cubic inch of air weigha .30 of a grain, what weight of air wffl a T«Mel whoae 
capacity is 60 cubic inehea, contain ? 



CHAPTER XI. 

Acousnos. 

402. Acoustics is that department of phys- 
M isnce of ical science which treats of the nature, phe- 
nomena, and laws of sound. It also includes 

the theory of musical concord and harmony. 

403. Sound is the sensation produced on the 
organs ot neanng, when any sudden shock or 

impulse, causing vibrations, is given to the air, or any 
other body, which is in contact, directly or indirectly, with 
the ear. 

underwhatcir. 404, Whcu au ckstic body ia disturbed at 
^ibrato^Tmove- *"^y poHit, its particlcs execute a series of vi- 
mentsariMr bratory movements, and gradually return to a 
position of rest. 

Thus when a glass tumbler is struck hj $k hard body, 9i tromulous agitation 
is transmitted to its entire mass, which movement graduallj diminishes in 
force until it finally ceases. Such movements in matter are termed vibr^ 
tions, and when communicated to the ear produce a sensation of sound. 

The nature of these vibratory movements may be illustrated by noticing 
the visible motions which occur on striking or twitching 9. tightly ez^tendcd 
cord, or wire. Suppose such a cord, repre- -piCr. 184. ^ 

sented by the central line in Pig. 184 to be 
forcibly drawn out to A, and let go; it 
would immediately recover its original posi- 
tion by virtue of its elasticity ; but when it 
reached the central pointy it would have ac- 
quired so much momentum as would cause 
it to pass onward to a; thence it would vi- 
brato back in the same manner to B, and back again to &, the extent of its 
vibration being gradually diminished by the resistance of the air, so that it 
would at length return to a state of rest. 

Describe the ^ vibratory movements of this kind all the separate par- 
nature o^ «**- ticles come into motion at the same time, amultaneously pass 
tion, the point of equilibrium, or rest, simultaneously reach the 

maximum of their vibration, and simultaneously begin their retrograde mo- 
tion. Such vibrations are therefbre called stationary, or fixed vibrationa 
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How TOAf ih« 
■oand-Tibra- 
Uons to m^A 
bodies be ren- 
dered vUil>le? 



Dentrtbe the ^ however, the motions of the Tibrating body are of soeh a 
nature of a oharactet that the agitation t^roceeda from One particle to an- 
bl^S^^^ other» ao that each makea the aame yibration, or oadllation, 
aa the preceding one, with the sc^e exception of the motion 
beginning later, we haye what is called progroBsive yibrationa. Thus if we 
fasten a cord at one end, and move the other end up and down, a wave, or 
progressive vibration, is prodaoed. 

Aa the deareat oonoeptkui can be ibimad of Tihrationfl by comparing them 
to the waves produced b/ throwing a stone into smooth water, the term un- 
dalatory, or wave movement, has been adopted ui general to expreas tho 
phenomena of vibrations. 

405. Daily experience teadbes ua that almost evefy motion of bodies in our 
vidni^ is accompanied by a noise perceptible to our ears. AJU such sounds 
are the result of the Vibrations of a portion of matter, and the nature of the tone^ 
or sound, depends only on the manner in which these vibrations originate. 

406. Skmnd-vibrations in solid bodies may be rendered vis- 
ible by many simple contrivances. If we attach a ball by 
meand of a string to a bell, and strike the bell, the ball will 
vibrate so long as the bell continues to sound. When a bell 
is sounding, also, the tremulous motion of its particles may be 
perceived by gently touching it with tiie finger. If the finger is pressed 
firmly againsi the bell, the sound is stopped, because the vibrations are in- 
terrupted. When founds are produced by drawing the wet finger around the 
edge of a glass containing water, waves will be seen undulating ^m the sides 
tdward the center of the glass. 

When a tuningwftjrk is struck said made to ftound, its vibrations Fio- ISB. 
are (dearly visible, both bnmdies alternately approaching and re- 
receding ihmi each other, as is represented in ^g. 185. 

If we sftike a tuning-fork, and then touch the surfaoe of mercury 
"With one of itsexfl^mitiei^ the sur&ce of the mercury will exhibit 
little midulations or waves. 

Hoir are the '^^ ™^* hiteresting method of eachibiting the 
ao-eanedaeotts- Character of sound is by means of the so-caUed 
dJjf?'^ '^ **ac!0ustic figures," which may be produced hi the 
following manner:— Sprinkle some fine sand over a 
square or round piece of thin glass or metal, and holding the plate 
&mly by means of a pair of pincers, draw a violin bow down the edge; the 
sand is put in motion, and finally arranges itself along those parts of the surface 

which have the least vi- 
FlO. 186. bratoiy motion. By chang- 

ing the point by which 
the plate is held, or by 
varying the parts to which 
the violin bow is applied, 
the sand may be made to 
assume various interesting figures, as is represented in Fig. 186. 
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What to tht ^' Air is the usual medium throHghwhidi 
usual medium souud is coiiveyed to the ear. The vibratiBg 
■ouudupropa. bodj imparts to the air in contact with it an 
** undulatory, or wave-like movement, which, 

propagating itself in every direction, reaches the ear, and 
produces the sensation of sound. 

What are son. ^08. Vibrating bodies which are capable of 
orou> bodies 7 ^j^^g imparting undulations to the air, are 
termed sounding, or sonorous bodies. 

The aerial vibrations, or undulations thus caused, propagate themselves 
from the center of disturbance in concentric circles, in the same wa)r iiiaX 
waves spread out upon the smooth surface of water. If such waves of water, 
propagated from a center, encounter any obstruction, as a floating body, they 
will bend their course round the sides of the obstacle, and spread out obliquely 
beyond it So the undulations of air, if interrupted in their progress by a 
high wall or other similar impediment, will be continued over its summit and 
propagated on the opposite side of it 

In a sound-wave or undulation of the air, as in a wave dt water, there ia 
no permanent change of place among the particles, but simply an agitation, 
or tremor, communicating from one particle to another, so that each particle^ 
like a pendulum which has been made to oscillate, recovers at length, its 
original position. 

This motion may be best illustrated by comparing it to tiie motion pro- 
duced by the wind in a field of grain. The grassy waves travel visibly over 
the field in the direction in which the wind blows; but this appearance of 
an object moving is only delusive. The only real motion is that of the heada 
of the grain, each of which goes and returns as the stalk stoops or recovera 
itself This motion affects successively a line of ears in the direction of the 
wind, and affects simultaneously all the ears of which the elevation or de« 
pression forms one visible wave. The elevations and depressions are propa- 
gated in a constant direction, while the parts with which the space is filled 
only vibrate to and fra Of exactiy such a nature is the propagation of sound 
through air. 

Under what ^^^' H HO substauce intervenes between the 
Bh'ouid*tJ?Te vibrating body and the organs of hearing, na 
a MundV ****' sensation of sound can be produced. 

This is readily proved by placing a bell, rung by the action 
of clock-work, beneath the receiver of an air-pump, and exhausting the air. 
No sound will then be heard, although the striking of the tongue upon the 
bell, and the vibration of the bell itsel? are visible. Now, if a littie air be 
admitted into the receiver, a faint sound will be^ to be heard, and this 
sound will become gradually louder in proportion as the air is gradually read- 
mitted, until the air within the repeiver is in the same condition as that without 
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Somid, therefisre, oaimot b6 propagated through a Tacanm. 

**The loudest sound on earth, therefore, cannot penetrate beyond the 
limits of our atmosphere; and in the same manner, not the fiuntest sound 
cajx reach our earth from any of the other planets. Thus the most fearful 
explosions might take place in the moon, without our hearing anything of 
them," 

How does the ^lO. Thc powcF of air to transmit sound 
SS5^i?"«fr varies with its uniformity, its density, and its 
roxyf humidity. 

Whatever tends to agitate or disturb the condition of the atmosphere, affects 
the transmission of sounds. When a strong wind blows from the hearer to- 
ward a sounding body, a sound often ceases to be heard which would bo 
audible in a calm. . Falling rain, or snow, interferes with the undulations of 
sound-wayes, and obstructs the transmission of sound. 

The &ct that we hear sounds with greater distinctness by 
2*? Iwonds ^^^ *^^^ ^y ^y» ™*y ^» ^ V^ accounted for by the cir- 
moTe distinctly cumstance, that the different layers or strata of the atmosphere 
^ £y? ^^ ^^ss liable to variations in density and to currents, caused 

by changes of temperture, at night than by day. The air at 
night is also more still, from the suspension of business and hum of men. 
tf any sounds become perceptible during the night, which during the day are 
completely stifled, before they reach the ear, by the dux and discordant noises 
of labor, business, and pleasure. 

Sound of any kind is transmitted to a greater distance in cold and clear 
weather than in warm weather, the density of air being increased by cold 
and diminshed by heat 

On the top of high mountsdns, where the air is greatly rare- 
JJJ^^J Sf ^®^ *^® sound of the human yoice can be heard for a short 
the Tariatloa distance only; and on the top of Mont Blanc, the explosion 
o^^Bound in ^f ^ pistol appears no louder than that of a small cracker. 
When persons descend to any considerable depth in a diving- 
bell, the air around them is compressed by the weight of a considerable column 
of water above them. In such circumstances, a whisper is almost as loud as a 
shout in the open air; and when one speaks with ordinary force it produces 
an effect so loud as to be painful. 

i8 sir iwceB. 411. Air is not necessary to the production 
JJoSn^on *rf of sound, although most sounds are transmitted 
Bound! jjy j^g vibrations. Sound can be produced un- 

der water, and all bodies are more or less fitted, not only 
to produce, but also to transmit sounds. 
wb.tsui»tan- 412. Sound is communicated more rapidly 
Se''**""SS?d" and more distinctly through solid bodies than 
most readily? through either liquids or gases. It is trans- 
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mitted by water near foUir times more rapidly than by air, 
and by solids about twice as rapidly as by water. 

If we strike two stones together under water, the sound will be as loud as 
if they had been struck in the air. 

When a stick is held between the teeth at one extremity, and the other is 
placed in contact with a table^ the scratch of a pin on the table may be heard 
with great distinctness, though both ears be stopped. 

The earth often conducts itound, so as to render it Sensible to the ear, when 
the mr &ils to do so. It is well known that the approach of a troop of horse 
can be heard at A distance hf putting the ear to the ground, and savages 
practice this method of ascertaiiiiiig the approach of persona from a great dia* 
tance. 

The principle that dolidd transmit emtudB more perfectly than air, has been 
applied to the construction of an instrument called the ** stethoscope." 

The ttethosoope consiBtB of a hollow cylinder of wood, some- 
Btethoflcope. trhat resembling in form a small trumpet The wide mouth 
is applied firmly to the breast, and the other is held to the ear 
of the medical examiner, who is thus enabled to hear distinctly the action of 
the organs of respiration, and judge wheth^ they are in a healthy condition, 
or the reverse. 

How is the in- 413. Sound decreascs in intensity from the 
SfeJted'brSI? center where it originates, according to the 
*^"'' same law by which the attraction of gravita- 

tion varies, viz., inversely as the square of the distance. 
That is to say, at double the distance it is only one fourth 
part as strong ; at three times the distance, one ninth, and 
so on. 

This law applies with its full ^oroe only when no opposmg currents of air, 
or other obstacles, interfere with the wave movements, or undulationa By 
confining the sound undulations in tubes, which prevent their spreading, the 
force of sound diminishes much less rapidly. It will, therefore, under such 
circumstances, extend to much greater distances. This principle is taken ad- 
vantage of in the construction of speaking-trumpets. 

Soimds can generally be heard, especially on a calm day, at 
hear/moro"diJ ^ greater distance upon water than upon land. The plane 
tinctty "pon surface of water, as a smooth wall, prevents the lateral spread- 
land t i^? ^""^^ dispersion of the sound-waves, although on only one 
side. The air over water, owing to the presence of moist- 
ure, is also generally more dense, and the density more uniform than 
over the land. Water, in addition, is a better conductor of sound than 
the earth. 

The transmission of sound fit>m one apartment to another may be prevented 
by filling up the spaces between the partition walls with shavings, or any 
porous substancea The number of media through which the &ound must 
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pass ia f^tis greatly increased, and evexy change of mediosi dlminiahes the 
strength of sound- waves. 

whatuwgor. ^^^ The velocitj of the souud undulations 
«rastte vd<K>- is progressive, passing over equal intervals in 
equal times. 
The softest 'Whisper, therefore, flies as fkst as the loudest thunder. 
With what ▼«- 415. Sounds of every kind travel, when the 
iSSSt^vif temperature is at 62° Fahrenheit's thermom- 
eter, at a rate of 1,120 feet per second, or 
about 18 miles per minute, or 765 miles per hour. The 
velocity of sound increases or diminishes at the rate of IS 
inches for every variation of a degree in temperature above 
or below the temperature of 62° Fahrenheit. 

Whydowesce ^When a gun is fired at some distance, we see the flash a 

the flash of a considerable time before we hear the report, for the reason 

Sr^*rq»rt! ^^ ^* travels much fiuter than sound. Light would go 

round the earth 480 tunes wlule sound was traveling 13 miles. 

A knowledge of these circumstances is taken advantage of for the measure- 
ment of distancea 

Bow may a Thus, suppose a flash of lightning to be perceived, and on 
toe^veiodtr of co^^*"^ ^® seconds that elapse before the thunder is heard, 
Bound be ap- we find them to amount to 20 ; then as sound moves 1,120 
SureLcnt® ^^^t in a second, it will follow that the thunder-cloud must bo 
of diatancea? distant 1,120X20=22,400 feet 

When a long column of soldiers are marching to a measure beaten on the 
drums which precede them, we may observe an undulatory motion transmit- 
ted from the drummers through the whole column, those in the rear stepping 
a little later than those which precede them. The reason of this is, that each 
rank steps, not when the sound is actuaUy made, but when in its progress 
down the column at the rate of 1,120 feet in a second of time, it reaches their 
ears. Those who are near the music hear it first, while those at the end of 
the column must wait until it has traveled to their ears at the above rate. 
Explain the 416. If two waves of water, advancing fix)m opposite direc- 

the SSciSr **^ ^^^ ™®®* ^° ®^^^ * ^^^ *^* ^®"^ points of elevation coin- 
of aooDd. cide, a wave of double the height of the single one will be 

formed at the pomt of interception ; or if two wave depressions on the sur- 
face of water meet, a depression of double depth will be produced. J£, how- 
ever, the two waves come into contact in such a manner that an elevation of 
one wave coincides with the depression of another, both will be destroyed. 
Such a result is termed an interference of waves. In the same manner when 
two series of sound undulations, propagated from different sounding bodies, 
intersect each other, a like phenomena of interferenoe is produoed-Tr-the two 
undulations destroy each other, and silence is produced. 

9 
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j^^. Xgf. Let a h and e d, Pig. 187, lepreaent two se- 

ries of sound undulations, advancing in such 
a manner as to cause the elevation of one at e 
to correspond with the depression of the otiur 
at /; then if both are equal in intensity, they 
will neutralize each other, and an instant of si- 
lence will be produced. This feet may be very 
prettily illustrated by holding a common tunica- 
fork, after it has been put in vibraticai, over the 
mouth of a cylindrical glass vessel, as A, Fig. 188. The air contained fritliin 



Fig. 188. 
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the vessel will assume aonoious vibrations, and a 
tone will be produoed. If now a second glass 
cylinder be held in the position B, at right angles 
to A, the musical tone previously heard will cease ; 
but if either cylinder be removed, the sound will 
be renewed again in the other. In this cniioas 
experiment, the sileQee arises from the interference 
of the two sounda 
Another example of this phenomena may he 
produoed by the tuning-fork alone. If this instrument, after being put into vi- 
bration, be held at a great distance from the ear, and slowly turned round its 
axis, a position of the two branches will be found at which the sound will 
become inaudible. This position will correspond to the points of interference 
of the two systems of undulations propagated from the two branches, or 
prongs of the fork. 

uponirhatdoei ^l^. The loudiiess of a sound, or its degree 
theioudneBs^f ^f intensity, depends on the force with which 



sound 
1? 



the vibrations of a sounding body are made. 



SECTION II. 



MUSICAL SOUNDS. 



What are mit' 
Bical sounds f 



418. All vibrations of sonorous bodies which 
are uniform, regular, and sufficiently rapid, 
produce agreeable, or musical sounds. 
What ig the dif- 419. What constitutes the particular dififep- 
%mnX^lonld ©uce bctweon a noise and a musical sound is 
and a noise? ^^^ cortaiuly kuowu. A noise, however, is 
supposed to be occasioned by impulses communicated ir- 
regularly to the ear ; but in a musical sound the vibra- 
tions of the sonorous body, and consequently the undula- 
tions of the air, must be all exactly similar in duration 
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and intensitjr, and mnst recur after exactly equal inter- 
vals of time. 

What is meant ^^' ^ ^^ souod impulses be repeated at 
pftch to°£iuid'i ^^^ short intervals, the ear is unable to at- 
tend to them individually, but hears them as 
a con tinned sound, which is uniform, or has what is called 
a tone or pitch, if the impulses be similar and at equal 
iatervals. 

.^^ 421« The natare of musical sotinds, and indeed of ail soimdB, 

mentfflusMM maj be ilhiBfcmted by the fidlowmg experiment : If we take 

^2»*«J,^% * **^ ^**"^® P^*^ ^ °^®**^ • ^^ "*<*®* ™ length, flnnly 
fixed at one end, and free at the other, and cause it to 
Tibrate, it will be found to emit a dear, musical sound, haying a certain 
tone. 

If the plate be sradoally- lengthened, it jields tones, or notes, of different 
characters, untal finally the vibrations become so slow that the eye can Mow 
them wiliiout dHBeolty, and all sound cease& 

.,_ , ^ 422. When the impulses, or vibrations, are few in number 

gnye or sharp T m a given time, the tone is said to be grave ; when they are 
many, the tone is said to be sharp. Musical sounds are spoken 
of as notes, or as high and low. Of two notes, the higher is that which arises 
fix>m more rapid, and the lower firom slower vibrationa 

Beside this, sounds differ in their quality. The same musical note, pro- 
duced with the same degree of loudness, and by the same number of vibra- 
tions in the flute, the clarionet, the piano, and the human voice, is in each 
mstance peculiar and wholly different. Why this is we are unable to say. 
The French call this property, by which one sound is distinguished fix)m an- 
other, the timbre. 

Is there ^^ pToduce any sound whatever it is necessary that a cer- 

Umit to the tain number of vibratk>ns should be made in a certain time. 
bStions reqoi- ^^^ number produced in a second fells below a certain rate^ 
Bite to produce no sound sensation will be made upon the ear. It is believed 
^°° that the ear can distinguish a sound caused by fifteen vibra- 

tions in a second, and can also continue to hear though the number reaches 
24,000 per second. Trained and sensitive ears are said to be able to exceed 
these limits. 

men an two 428. Two musical notes are said to be in 

in°iSSin?'**^ unison when the vibrations which cause them 
are performed in equal times. 

What is an 424. When one note makes twice the num- 
ber of vibrations in a given time than another, 

it is said to be its octave. The relation, or interval which 
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exists between two sounds, is the proportion between 
their respective numbers of vibrations. 
What is a ^^' -^ combination of harmonious sounds 

Tjhord, etc.? jg termed a musical chord; a succession of har- 
monious notes, a melody; and a succession of chords, har- 
mony. 

A melody can be performed, or ezecated by a mngle voice; a harraoof 
requires two or more voioes at the same time. 

Define coneoid 426. When two tones, or notes, sounded to- 
and discord. gethcr producc an agreeable effect on the ear, 
their combination is called a musical concord ; when the 
effect is disagreeable, it is called a discord. 

^ , . ^ ^ 427. Suppose we have a stretched strine, as a wire or a 

Explain what . - ".^ i . j i. _^ • Tr V^ 

is meant by the piece of catgut, Buch as IS used for stringed mstniments : now 

e»™«^orBcale tiie number of vibrations which such a cord will make in a 
given time« are inversely as its length ; that is^ if the whole 
cord makes a given number of vibrations in one second, as 100, on shortening 
it one half it will make twice as many, or 200, and this will yield a note ex- 
actly an octave higher than the former one. If we reduce its length one 
third it will make thrice as many vibrations, and yield a note two octaves 
higher, and so on. 

Suppose tlie stretched string, or wire, to be 32 inches in length. When 
this is struck it will vibrate a certain number of times in a second, and give 
what is called a key-note. Keduce the string one hal^ and we have the oc- 
tave of that liote. But between the key-note and its octave there is a natu- 
ral gradation by intervals in the pitch of the tone, which heard in succession 
are harmonious, the octave, as its name implies, being the dghth pitch of 
tone, or eighth successive note ascending from the key-note. 

These eight notes, or mtervals in the pitch of tone between the key-note 
and its octave, constitute what is called the gamuts or diatonic scale of musk^ 
because they are the steps by which the tone naturally ascends from any note 
to the corresponding tone above, produced by vibrations twice as rapid. 
These several notes are distinguished both by letters and names. They are : 
0, D, E, F, G, A, B, C; 
Or— do, re, me, fe, sol, la, si, do. 

How are the "^^^ °^^ *^ ^ distinguished by numbers indicating the 
notes of the length of the strings and the mmiber of vibrations required 
scale indicated? ^o produce them. Thus, the length of the string producmg 
the primary, or key-note, being 32 inches, the lengths of the strings to produce 
the tones in the entire scale are— 

32, 30, 27, 24, 21, 20, 18, 16; 
or, supposing that whatever be the number of vibrations per second necessaxy 
to produce the first note in the scale, C, we agree to represent it by uni^. 
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or 1 ; then the numbers necessary to produce the other seven notes of tho 
octave will be as follows: 

Name of note 0, D, E, F, G, A, B, 0. 

Number of vibrations . 1, f , f , J, f , |, V, 2. 

However far this musical scale may be extended, it will still be found but 

a repetition of similar octaves. The vibrations of a column of air in a pipe 

may be regarded as obeying the same general laws; notes are naturally higher 

in proportion to the shortness of the pipes. 

The same note produced on any musical instrument is due 
Is the same 
note iA any in- to the Same number of vibrations per second. Thus^ a note 

Joi^^la ^tte produced by a string of a piano vibrating 256 times in a sec- 
same manner? . ond, is also produced in the flute by a column of air vibrat- 
ing the same number of times in a second, and also in the hu- 
man voice by two chords contained in the upper part of the wind-pipe, also 
vibrating the same number of times in a second. 

It has been already stated that the number of vibrations of a cord are in- 
versely as its length ; the number also increases as the square root of the 
force which stretches it. Thus an octave is given by the same length of string 
when stretched four times as strongly. 

SECTION II. 

REFLECTION OF SOUKD. 

What iB meant ^^' ^'^^^ wavcs of Bouiid strfke against 
hy the reflec- auv fixcd surface tolerablv smooth, they are 

tioQ of soond ? ;; , _ i/»-i i» •, 

reflected, or rebound from that surface, and 
the angle of reflection is equal to the angle of incidence. 

This law governing the reflection of sound is the same as that which gov- 
erns the reflection of all elastic bodies, and also, as will be shown hereafter, 
the imponderable agents, heat and light. 

What ia an ^29. Au EcHO is a repetition of sound caused 
Echo? i^y |.jjQ reflection of the sound waves, or undu- 

lations, from a surface fitted for the purpose, as the side 
of a house, a wall, hill, etc. ; the sound, after its first pro- 
duction, returning to the ear at distinct intervals of time. 
Thus if a body placed at a certain distance from a hearer produces a sound, 
this sound wouM be heard first by means of the sonorous undulations which 
produced it, proceeding directly and uninterruptedly from the sonorous body 
to tho hearer, and afterward by sonorous undulations which, after striking on 
reflecting surfjices, return to the ear. These last constitute an echo. 

Tn order to produce an echo, it is requisite that the reflecting body should 
bo situated at such a distance from the source of sound, that the interval be- 
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tween the perception of the original and reflected sounds maj be BoiBGiait to 
prevent them from being blended together. 

When the original and reflected sounds are blended together, the efifcct 
produced is called a resonance, and not an echa 

Thus, the walls of a room of ordinary size do not produce an echo^ because 
the reflecting sur&ce is so near the source of sound that the echo is blended 
with the original sound ; and the two produce but one impression on the ear. 

Large halls, spacious churches, etc., on the contrary, often reverberate or re- 
peat the voice of a speaker, because the walls are so &r off fix)m the speaker, 
that the echo does not get back in time to blend with the original sound ; 
and therefore each is heard separately. 

The shortest interval sufficient to render sounds distinctly appreciable by 
the ear, is about l-9th of a second ; therefore when sounds follow at shorter 
intervals, they will form a resonance instead of an echo ; so that no reflecting 
surface will produce a distinct echo, unless its distance from the i$>ot where 
the sound proceeds is at least 62^ feet ; as the sound will in its progress in 
passing to and from the reflectmg sur&ce, at the rate of 1,125 feet per sec- 
ond, occupy l-9th part of a second, passing over 62^X2=125 feet 

When is an ^^^' Where separate surfaces are so situ- 
*u^d! ""^'*' ^*®^ *^^* they receive and reflect the sound 
from one to the other in succession^ multiplied 
echoes are heard. 



Fio. 189. 



An echo in a build- 
ing near Milan, Italy, 
is said to repeat a loud 
sound audibly. A river 
bounded by perpen- 
dicular walls of rock, 
where the sound is re- 
flected backward and 
forward over the sur- 
fece of still water, is a 
favorable situation for 
the production of re- 
peated echoes. Fig. 
189 represents tho 
manner in which the 
sounds rebound, in such 
situations, as at 1, 2, 3, 4, from side to sida 

It is not necessary that the surface producing an echo 
diould be either hard or polished. It is often observed at 
sea that an echo proceeds from the surface of clouds. An 
echo at sea, however, or on an extensive plane, is heard but 
rarely, there being no surfeoes to reflect sound. To insure a 
perfect echo^ the reflectmg surfaoe must be tolerably smooth, and of some 




What eondU 
lions of snrfaoe 
are requisite to 
produce a per- 
feet echo? 
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regular fonn. An irregular sur&ce nnutt break the edio ; and if the irregu- 
larity be very considerable, there can be no distinct or audible reflection at 
all. !F<or this reason an echo is much less perfect from the front of a house 
which has windows and doors, than from the plane end, or any plane wall of 
the same magnitude. 

How is sound 431. If the sTirfiice upon wliicli the sound- 
^^^ '^ waves strike be concave, it may concentrate 
^**^* sound, and reflect all that &IL9 upon it to a 

point at some distance &om the surface, called the focus. 

Fig. 190. Thus, in Pig. 190, if the sound waves 

proceeding in right lines from the points 
^j ^ftfff^ strike upon the concave sur- 
face, ABC, they will all be reflected to 
the focus, F, and there concentrated in 
such a way as to produce a most powerful 
effect 
It is upon this principle that whisper- 
ing galleries are constructed, and domes and vaulted ceilings ofl«n exhibit the 
same curious phenomena. In these instances a whisper uttered at one point 
is reflected from the curved surface to a focus at a distant point, at which 
altiiation it may be distinctly heard, while in all other positions it will be in- 
audibla 

Wbatoccasioas "^ ^'^ fomiliar with the resonance produced by placing a 
the noise heard sea-shell to the ear — ^an effect which &ncy has likened to the 
in a sea-sheU ! ii ^oar of the sea." This is caused by the hollow form of the 
shell and its polished surface enabling it to receive and return the beatings 
of aU sounds that chance to be trembling in the air around the shell 

432. Speaking-tubes and speaking-trumpets depend on the principles of the 
reflection of sound. 

Fig. 191. 




-€ 




483. A SpBAKiNa-TRUMPET (Fig. 191) is a 
speaking-Tram- hollow tubo BO coDstructcd that the rays of 
^** sound (proceeding from the mouth when ap- 

plied to it), instead of diverging, and being scattered 
through the surrounding atmosphere, are reflected fix>m the 
sides, and conducted forward in straight lines, thus giving 
great additional strength to the voice. 
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Fig. 1»3. 



Ito. 192. The course of the lays oi 

sonnd proceeding from the 
mouth through this mstru- 
ment, may be shown by 
Fig. 192. The trumpet be- 
ing directed to any point, a 
collection of parallel rays of 
sound moves towaid such 
point, and they reach the 
ear in much greater number than would the diverging rays which would pro- 
ceed from a speaker without such an instrument 

What is an 484. All Ear-Tiumpet is, in form and appli- 
Ear-Trumpetr catioD, the reversc of a speaking-trumpet, but 
in principle the same. The rays of sound proceeding from 
a speaker, more or less distant, enter the hearing-trumpet 
and are reflected in such a manner as to concentrate the 
sound upon the opening of the ear. 

Fig. 193 represents the form of the ear-trmnpel gen- 
erally used by deaf persons. The aperture A is placed 
within the ear, and the sound which enters at B is, by a 
series of reflections from the interior of tilie instrument, 
concentrated at A. 

In the same manner persons hold the hand concave 
behind the ear, in order to hear more distinctly. The 
concave hand ac^ in some respects, as an ear-trumpet, and reflects the sound 
into the ear. 

Host of the stories in respect to the so-called *^ haunted houses^' can be all 
satisiactorily explained by reference to the principles which govern the re- 
flection of sounds. Owmg to a peculiar arrangement of reflecting walls and 
partitions, sounds produced by ordinary causes are often heard in certam 
localities at remote distances^ in apparently the most unaccountable manner. 
Ignorant persons become alarmed, and their imagination connects the phe- 
nomenon with some supernatural cause. 

435. A right understanding of the principles which govern the refiecftion 
of sound is often of the utmost importance in the conBtruction of buUdifigs 
intended for public speaking, as halls, churches, eta 

Experience shows that the human voice is capable of filling a larger space 
than was ever probably indosed within the walls of a single room. 

The circumstances which seem necessary in order that the 
human voice should be heard to the greatest possible distance, 
and with the greatest distinctness, seem to be, a perfectly 
tranquil and uniformly dense atmoi^here, the absence of all 
extraneous sounds, the absence of echoes and reverberations;, 
and the proper arrangement of the reflecting surfaces. 




liVhat drenm- 
Btances are nec- 
essary to in- 
sure the utmost 
distinctness in 
hearing? 
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doea ^ P^"® atmosphere in a room for speaking, being favorable 

pa^ atmoB- to the speaker's health and strength, will give him greater 
P*»«"»*"*™®™ power of voice and more endurance, thus indirectly improv- 
ing the hearing hj strengthening the source of sound, and also 
bj enabling the hearer to give his attention for a longer period undisturbed. 
^ ^ ,, In constructing a room for public speaking, the ceiling 

room for pub. ought not to exceed 30 to 35 feet m height. 
"^iwSi^ted!*** -^^^ reason of this may be explained as follows: — ^If wo 
advance toward a wall on a calm day, producing at each step 
re^nof'tMa? ®°°^® sound, we will find a point at which the echo ceases 
to be distinguishable from the original sound. The distance 
from the wall, or the corresponding interval of time, has been called the limit 
of perceptibility. This limit is about 30 to 35 feet; and if the ceiling of a 
building for speaking be arranged at this limit, the sound of the voice and the 
echo will blend together, and thus strengthen the voice of the speaker. 

If the ceiling be constructed higher than this limit of perceptibility, or 
liigher than 30 or 35 feet, the direct sound and the echo will be heard sepa- 
rately, and will produce indistinctness. 

How may Echoes from walls and ceilings may, to a certain extent, 
echoes in a- be avoided by covering their sur&ces with thick drapery, 
wmr^"exteSt ^^^^^ absorbs sound, and does not reflect it. 
be avcnded? If the room is not very large, a curtain behind the speaker 

impedes rather than assists his voice. 
bf***^e™iw7- ^3^' ^^ every apartment, owing to the peculiar arrange- 
Dote of aa ment of the reflecting surfaces, some notes or tones can be 
apa en heard with greater distinctness than others; or, in other 

words, every apartment is fitted to reproduce a certain note, called the key- 
note, better th^m any other. If a speaker, therefore, will adapt the tones of 
his voice to coincide with this key-note, which may readily be determined 
by a little practice, he will be enabled to speak with greater ease and distinct- 
ness than under any other circumstances. 

In a large room nearly square, the best place to speak from is near one cor- 
ner, with the voice directed diagonally to the opposite comer. In most cases, 
the lowest pitch of voice that will reach across the room will be the most 
audible. In all rooms of ordinary form, it is better to speak sdong the length 
of a nx>m than across it. It is better, generally, to spekk ftom pretty near a 
wall or pillar, than £ur away firom it 



SECTION III. 

ORaANS OF HBABIKO AND OF THE VOICS. 

Hcicribe th ^^"^^ ^^® "^^ consists, in the first instance, of a funnel- 

conrtructtonof shaped mouth, placed upon the external surface of the head, 
the human ear. j^ ^j^jjy animals this is movable, so that they can direct it 
to the place from whence the sound comes. It is represented at a, Fig. 194. 

9* 



202 



WELLS'S NATURAL FHILOSOPHY. 




Fig. 194. Proceeding inward from this external por- 

tion of the ear, is a tube, something more than 
an inch long, tenninating in an oval-shaped 
opening, (, across which is stretched an elas- 
tic membrane, like the pardiment on the hecid 
of a drum. This oval-shaped opening has re- 
ceived the name of the tympanum, or drum of 
the ear, and the membrane stretched across it 
is called the " membrane of the tympanum, or 
drum of the ear." 

The sound concentrated at the bottom of the ear-tube &ll8 upon the mem- 
iH-ane of the drum, and causes it to vibrate. That its motion may be &ce, 
the air contained within and behind the drum has free communication with 
the external air by an open passage, / called the euaicichian tube, leading to 
the back of the mouth. A degree of deafiiess ensues when this tube is ob- 
structed, as in a cold; and a crack, or sudden noise, with immediate return 
of natural hearing, is generally experienced when, in the effort of sneezing or 
otherwise, the obstruction is removed. 

The vibrations of the membrane of the drum are conveyed further inward, 
through the cavity of the drum, by a chain of four bones (not represented in 
the figure on account of their minuteness), reachmg from the center of the 
membrane to the commencement of an inner compartment which contains the 
nerves of hearing. This compartment, from its curious and most intricate 
structure is called the LabynrUh, Fig. 194, ced, 

ThQ Labyrmth is the true ear, all tbo 
other portions being merely accessories by 
which the sonorous undulations are propa- 
gated to the nerves <^ hearing contained 
in the labyrinth, which is excavated in tho 
hardest mass of bone found in the wholo 
. body. Fig. 196 represents the labyrinth 
f on an enlarged scale, and partially open. 
The labyrinth is filled with a liquid sub- 
stance, through which the nerves of hearing 
are distributed. When the membroQo of 
the drum of the ear is made to vibrate by the undulations of sound striking 
against it, the vibrations are conunimicated to the little chain of bones, 
which, in turn, striking against a membrane which covers the external 
opening of the labyrinth, compresses the liquid contained in it This ac- 
tion, by the law of fluid pressure, is communicated to the whole interior cf 
the labyrinth, and consequently to aU portions of the auditory nervo dis- 
tributed throughout it: the nerve thus acted upon conveys an impression to 
the brain. 

The several parts of the labyrinth consist of what is called the vestibule, 
e^ Fig. 194, three semiciroular canals, Cy imbedded in the hard bone, and a 
winding cavity, called the cochlea^ d^ like that of a snail-shell, in which fibres, 
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stretdied acroes like bsrp-strmgSy oonstitate the IffrcL llie aepflirate uses of 
these yaiioi28 parts are not yet folly known. The membrane of the tym- 
panum may be pieicedi and the chain of bones may be broken, without en- 
tire loss of hearing. 

438. In the hearing apparatus of the lower orders of 
c^Stfi^ ^5 *^^a^ ^ *^® parts belonging to the human ear do not 
the hearing ap- exist. In fishes, the ear consists only of the labyrinth; and 
}^^Jj52i£«Sl ^ lower animals the ear is simply a little membranous 
cavity filled with fluid in which the fibres of the nerves of 
hearing float 

439. All persons can not hear sounds alike. 
^ *" 12^ In different individuala the sensibility of the 
aoandauke? auditory ncrvcs varies greatly. 
"What is the ^^' ^^® whole range of human hearing, 
S2ahe2riii?" ^^^^ *^® lowest note of the organ to the high- 
est known cry of insects, as of the cricket, in- 
cludes about nine octaves. 

What an the ^^' ^^ *^® humau system, the parts con- 
ySST? ^ cerned in the production of speech and music, 
are three : the wind-pipe, the larynx, and 
the glottis. 

Whit 18 the 442. The Wind-pipe is a tube extending 
THnd-pipe! fy^^ ^^^ cxtrcmity of the throat to the other, 
which terminates in the lungs, through which the air 
passes to and from these organs of respiration. 
What is the 443. The Larynx, which is essentially the 
^'^'^^^ organ of speech, is an enlargement of the up- 
per part of the wind-pipe. The Larynx terminates in 
two lateral membranes which approach near to each other, 
having a little narrow opening between them called the 
glottis. The edges of these membranes form what is 
called the vocal chords. 

How !■ voice 444. In order to produce sound, the air ex- 
prodocedf pjj3^ g.Qjj^ ^jjg hmga passes through the wind- 
pipe and out at the larynx, through the opening between^ 
the membranes, the glottis : the vibration of the edges of 
these membranes, caused by the passage of air, produces 
sound. 
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By the addon of muscles we can yaxy the tensioii of these 
tones of the membranes, and make the opening between them large or 
d*^red mre^or ™°^ ^^'^ *^^ render the tones of the voice grave or acute * 

acute? 445. The loudness of the voice d^ttds 

d^^hl tond- ^^i'Jy Tipon the force with which the air is 
drend*?*^^^^ expelled from the lungs. 

The force which a healthy chest can exert in blowhig' is 
about one pound per inch of its surface ; that is to say, the chest can eon- 
dense its contained air with that force, and can blow through a tube tho 
mouth of which is ten feet under the surface of water. 

whatisthero- 446. In coughiug, the top of the windpipe, 
SughSg? **' ^r ^^^ glottis, is closed for an instant, during 
which the chest is compressing and condeDsing 
its contained air ; and on the glottis being opened, a 
slight explosion, as it were, of the compressed air takes 
place, and blows out any irritating matter that may be 
in the air-passages. 

^ . 447. Sound, to some extent, appears to always accompany 

generally ac- the liberation of compressed air. An example of this is seen 
inj^nTHou * rf ^" *^® report which a pop-gun makes when a paper-bullet 
compreBsedair? is discharged from it The air confined between the paper 
bullet and the discharging-rod is suddenly liberated, and 
strikes against the surrounding air, thus causing a report in the same man- 
ner as when two solids come into collision. In like manner an inflated blad- 
der, when burst open with force, produces a sound like the report of a pistoL 
T what' th 448. The sound of falling water appears in a great measure 

sound of faiUng to be owlng to the formation and bursting of bubbles. When 
vator due? ^^ distance which water falls is so Hmited that the end of 

* The power which fhe will posseasea of determining with the most perfect preea^on 
the exact degree of tension which these membranes of the glottis, or vocal chords shall 
receive, is extremely remarkable. Their arerage length in man is estimated at 73-100th8 
of an inch in a state of repose, while in the state of greatest tension it is about dS-lOOths 
of an inch. The ayerage length of the membranes in the female is somewhat less. Each 
interval, or yariation of tone which the human yoice is capable of producing is occasioned 
by a different degree of tension of these membranes : and as the least estimated number 
of variations belonging to the voice is 240, there must bo 240 different states of tension 
of the vocal chords, or membranes, every one of which can be at once determined by tho 
will. Their whole variatioa in length in man being not more than one filth of an inch, 
the yariation required to pass from one interval of tone to another will not be more than 
l-1200th of an inch. 

It is on aecount of the greater length of the vocal chords, or membranes of the glottis, 
that the pitch of the voice is mnch lower in man than in woman : but tiie difference does 
not arise until the end of the period of cWldhood, the size of the larynx in both sexes beiog 
about the same up to the age of 14 or 15 years, but then changing rapidly in the male 
sex, and remaining nearly stationary in the female. Hence it is that boys, as well as 
girls and women, sing treble ; while men sing tenor, which is about an octave lower than 
treble, or bass which is lower still^-Dr. (karpentcr. 
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tbe stream does not become broken into bubbles and drops, neither sound or 
air-babbles will be produced ; but as soon as the distance becomes increased 
to a sufficient extent to break the end of the column into drops, both air-bub- 
bles and sounds will be produced, 
whatismcez- ^9. Sneczmg is a phenomenon resembling 

^' cough ; only the chest empties itself at one 

effort, and chiefly through the nose, instead of through 
the month, as in coughing. 
What is laugh- 450. Laughing consists of quickly-repeated 

^^^ expulsions of air from the chest, the glottis 

heing at the time in a condition to produce voice ; but 
there is not between the expirations, as in coughing, a 
complete closure of the glottis. 

whatiseryingf 451. Crying differs from laughing almost 
solely in the circumstance of the intervals be- 
tween the gusts or expirations of air from the lungs being 
longer. Children laugh and cry in the same breath. 

Insects generally excite sonorous vibrations by the fluttering of their wings, 
or other membraneous parts of their structure. 

PRACTICAL QUESTIONS IN ACOUSTICS. 

1. The flash of a cannon was Men, and ten seconds afterward the report was heard; 
how far off was the cannon? 

2. At what distance was a flash of lightning, when the flash was seen seren seconds 
before the thunder was heard f 

3. How long after a sudden shont will an echo he returned from a high wall 1,120 feet 
distant? 

4. A stone being dropped into the mouth of a mine, was heard to strike the bottom 
in two seconds ; hQw deep was the mine ? 

5. A certain musical string vibrates 100 times in a second : how many times must it 
vibrate in a second to produce the octare ? 



CHAPTER XII. 

HEAT. 

452. Heat is a physical agent, known only 

Whatisheat? ,___ .^ «• ^ xx t j« T 

by its effects upon matter. In ordinary Ian-» 
guage we use the term heat to express the sensation of 
warmth. 
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453. Caloric is the general name given to 
the physical agent which produces the sensa- 
tion of warmth, and the various effects of heat observed 
in matter. 
Hoir iB hmt 454. The quantity of heat observed in dif- 

meaaiuedr fereut subfltauces is measured, and its effects 
on matter estimated, only by the change in bulk, or ap- 
pearance, which different bodies assume, according as heat 
is added or subtracted. 
What is tern. 455. The degree of heat by which a body 

pcrataref ifl affccted, or tho sensible heat a body con- 
tains, is called its Temperatube. 

_^ 456. Cold is a relative term expressing only 

the absence of heat m a degree ; not its total 
absence, for heat exists always in all bodies. 
What distin. 4^7. Heat possesses a distinguishing char- 
S?t^'3ij*d!Ji acteristic of passing through and existing in 
heat poBMw? all kinds of matter at all times. So far as we 
know, heat is everywhere present, and every body that 
exists contains it without known limits. 

Ice oontalna heat in large quantities. Sir Humphrey Davy, by friction, ex- 
tracted heat from two pieces of ice, and quickly melted them, in a room cooled 
below the freezing-point, by rubbing them against each other. 

In irhat man. 458. The teudeucy of heat is to diffuse, or 
dfffu^T' ©r* spread itself among all neighboring substances, 
spread itwifr ^jjj^|.;j j^jj jj^^y^ acquired the same, or a uniform 
temperature. 

A piece of iron thrust into burning co^Ha beeomos hot Among them, becaus3 
the heat passes from the coals into the iron, until the metal has acquired aii 
equal temperature. 

When do we 459. Whcu the hand touches a body having 
cuabodyhotf ^ ^gj^^^ tcmperaturc than itself, we call it 
hot, because on account of the law that heat diffuses itself 
among neighboring bodies until all have acquired the 
same temperature, heat passes from the body of higher 
temperature to the hand, and causes a peculiar sensation, 
which we call warmth. 
460. When we touch a body having a temperature 
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-^nien do ire lower th»n that of the hand, heat, in accord- 
caUAbodyeoidf ^^^q ^^.j^ j^^ g^^^ j^^^ passes out ffom the 

hand to the body touched, and occasions the sensation 
which we call cold.* 

461. Sensations of heat and cold are, therefore, merely 
degrees of temperature, contrasted by name in reference 
to the peculiar temperature of the individual speaking of 
them. 

Under irhat A body may feel hot and cold to the same person at tho 
«ireiiinBtuiGes same time, sinoe the sensation of heat is produced by a body 
^TttdTOidto ^^^^ **^*^ *^® ^^^ provided it be less cold than tho body 
the same per- touched immediately before; and the sensation of cold is 



Mnattheaama pjQc[nced under the opposite circumstances, of touching a 
comparatiyely warm body, but which is leas warm than some 
other body touched previously. Thus, if a person transfer one hand to com- 
mon spring water immediately after touching ice, to that hand the water 
would feel very warm ; while the other hand transfeired from warm water 
to tiie spring wtttoi; would feel a sensation of ooild. 

hm heat ^2* Heat is imponderable, or does not pos- 

▼eigktt g^gg j^jjy perceptible weight. 

If we balance a quantity of ice in a delicate scale, and then leave it to 
melt, the equilibrium will not be in the slightest degree disturbed. If we 
substitute for the ice boiling water or red-hot iron, and leave this to cool, 
there will be no difference in the result. Count Rumford, havmg suspended 
a bottle containing water, and another containing alcohol to the arms of a 
balance and adjusted them so as to be exactly in equilibrium found that the 
balance remained undisturbed when the water was completely frozen, though 
the heat the water had lost must have been more than sufiBcient to have made 
an equal weight of gold red hot 

What do we 463. The nature, or cause of heat is not 
StSeJfhe^f clearly understood. Two explanations, or 
theories have been proposed to account for the 
. various phenomena of heat, which are known as the me- 
chanical and vibratory theories. 

K3^iiaiathem». 464. The mechauical theory supposes heat 
ehanicifteory. ^^ ^^^ ^^ extrcmcly subtilc fluid, or etherial 

* There oan not be a more fallacioaa means of eetimatkig heatthan by the touch. Thns, 
in the ordinaxy state of an apartment, at a&y aeason of the year, the objects which kre in 
it have all the same temperature ; and yet to the touch they will feel warm and ooM in 
different degrees. The metallic objects will be the coldest ; stone and marble less ro ; 
wood still less ; and carpeting and woolen objects will feel warm. Now all these objects 
are at exactly the same temperatare, as ascertained by the thermometer. 
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kind of matter pervading all space, and entering into 
combination in various proportions and quantities, ^v^ith 
all bodies, and producing by this combination all the va- 
rious effects noticed. 

Explain the Ti- ^^' The vibratory theory, on the contrary, 
bratory theory, gupposcs hcat to bc merely the effect of a spe- 
cies of motion, like a vibration or undulation, produced: 
cither in the constituent particles of bodies, or in a subtle, 
imponderable fluid which pervades them. 

When one end of a bar of iron is thrust into the fire and heated, the o&er 
end soon becomes hot also. According to the mechanical theory, a subtile 
fluid coming out of the fire enters into the iron, and passes from particle to 
particle until it has spread through the whole. When the hand is applied to 
the bar it passes into it also, and occasions the sensation of warmth. Ac- 
cording to the vibratory theory, the heat of the fire communicates to the par- 
ticles of the iron themselves, or to a subtile fluid pervading them, certain vi- 
bratory motions, which motions are gradually transmitted in fcvery direction, 
and produce the sensation of heat, in the same way that the undulations or 
vibrations of air, produce the sensation of sound. 

„ . There seems to be but little doubt at the present time among 

two theories scientific men, that the theory which ascribes the phenome- 
carded?^ ^" ^* ^^ ^®*^* *^ * series of vibrations, or undulations, either in 

matter, or a fluid pervading it, is substantially correct At 
the same time it is not wholly satis&ctory, and neither theory will perfectiy 
explain aU the facts in relation to heat with which we are acqosdnted. 
For the purpose of describing and explaining the phenomena and effects of 
heat, it is convenient, in many cases, to retain the idea that heat is a substance. 
The fact that nature nowhere presents us, neither has art 
^eOTin fiww ^^®' succeeded in showing us, heat alone in a separate state, 
of the respect- is a strong ground for believing that heat has no separate 
^^}f ®®"®*' material existence. Heat, moreover, can be produced without 

limit by friction, and intense heat is also produced by the ex- 
plosion of gunpowder. On the contrary, as arguments in favor of the material 
existence of heat, we have the fact, that heat can be communicated very 
readily through a vacuum; that it becomes instantiy sensible on the condens- - 
ation of any material mass, as if it were squeezed out of it : as when, oa r&>- 
ducing the bulk of a piece of metal by hanmiering, we render it very hot (the 
greatest amount of heat being emitted with the blows that most change its 
bulk); and, finally, that the laws of the spreading of heat do not leseml^ 
those of the spreading of sound, or of any other motion known to us. 

466. The relation between heat and light is a very intimate 
is there* ^. ©ne. Heat exists without light, but all the ordinary sources 
tween heat and of light are also sources of heat; and by whatever artificial 
^^ means natural light is condensed, so as to increase its splen^ 
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dor, the heat which it produces is also, at the same time, rendered more 
iQteaae. ^^ 

When is a ^^' ^^'^^ * tody, Battually incapable of 
bodyincandeg- emitting light, is heated to a sufficient extent 
*^ **' to become luminous, it is said to be incandes- 

cent, or ignited. 

TVbati* flame 468. Flame is a luminous vapop issuing from 
and fire? ^ buHiing bodj. Fiio is the appearance of 
heat and light in conjunction, produced by the combus- 
tion of inflammable substances. 

The andent phUosophers used the term fire as a characfcenstic of the nature 
of heat, and regarded it as one of the four elements of nature ; air, earth, and 
water being the other three. 

Heat and the atlraction of cohesion act constantly in opposition to each 
other; h^ioe, the more a body is heated, the less will be the attractive force 
between the particles of which it is composed. 

SECTION I. 

SOUBOES or HEAT. 

jmt^we the 469. Six great sources of heat are recognized. 
wurcesofhcatT Thcj arc — ^1. The sun ; 2. The interior of the 
earth ; 3. Electricity j 4. Mechanical action ; 5. Chemical 
action ; 6. Vital action. 

What ifl the 470. The greatest natural source of heat is 
Sr*J^rJr*Sf the sun, as it is also the greatest natural source 
^" of light. 

Although the quantity of heat sent forth from the sun is immense, its rays^ 
falling naturally, are never hot enough, even in the torrid zone, to kindle 
Va iQft combustible substances. By means^ hovtrever, of a 

burning-glass, the heat of the sun's rays can be con- 
centrated, or bent toward one point, called a focus, 
in sufficient quantity to set fire to substances sub- 
mitted to their action. 

Fig. 196 represents the manner in wMch a burning- 
glass concentrates or bends down the rays of heat 
until they meet in a focus. 
Two opinions, or theories, haye been entertained in order to account for the 
production of heat and light by the sun ; one supposes that the sun is an 
intensely-heated mass, which throws oflf its light and heat like an intensely- 
heated mass of iron : the other, based on the ground that heat is occasioned 
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by thd TibntioDB of an ethoneal fluid oocupyiog all flpaoe^ mxpposeB tiial: tiie 
son may prodaoe the phenomena of light and heat without waste of its tem- 
perature or substance, aa a bell may oonstaiitly produoa the phenomena of 
sound. 

WhatevM' may be the true theory, a series of experimental made scmie years 
since by Arago, the eminent Frendi astronomer, seem to proye that the tem- 
perature at the surface of the sun is much more elevated than any artificial 
heat we are able to produce. The experimental reasons which lead to this 
opinion are as follows: — 

There are two states in which light is capable of existing— the ordinary 
state, and the state of polarization.* It has been proved that all bodies^ in a 
solid or liquid state, which are rendered incandescent by heat, emit a polar- 
ized light, while bodies that are gaseous^ when rendered incandesoeat^ inva- 
riably emit light in its ordinary state. Thus the physical oondition of a body 
may be distinguished when it is incandescent by examining the light wtudi 
it affords. Onapplyingthe test to the direct light of the sun, it waa found to 
be in tiie unpolarized or ordinary condition of lig^t Hence it has been, in- 
ferred by Arago that the matter fiiom which this lig^t proceeds must be in 
the gaseous state, or, in other words, in a state of flama Erom other experi- 
ments and observations, Arago was led to the conclusion that the sun was a 
solid, opaque, non-luminous body, invested with an ooeanof fUuna 

wh Is there!- ^^^' ^^^S ^ ^^ position of the eartli's 
atiye heat of axis, tho relative amoxuit of heat received from 

the Ban alwaja . i . t • • /• 

greater in Borne the suH IS alwajs greater in some portions of 
wth "5in at the earth than at others, since the rays of the 
sun always fall more directly upon the central 
portions of the earth than they do at the poles, or extremi- 
ties ; and the greatest amount of heat is experienced from 
the rays of the sun when they fall most perpendicularly. 

Why if the ^'^^* '^^^ ^®** ^ *^® ^^^ ^ greatest at noon, because for 
heat of the Ban the day the sun has reached the highest point in the heavens, 
greatest at g^j^^ j^g ^^ ^ ^^^ perpendiculaily than at any otticr 

time. 
Se**<5iferenoe ^^ * ^® reason w© experience the extremes of ten^ra- 
ia temperatare ^^ distinguished as summer and winter. In summer Uio 
▼fato?r* "* position of the sun in relation to the earth is such, that al- 
though more remote trom the earth than in winter, its ray^t 
fall more perpendiculaiiy than at any other season, and impart the greatest 
amount of heat; while in vnnter the position of the sun is such that its rays 
fall more obliquely than at any other time, and impart the smallest amount of 
heat The sun, moreover, is longer above the horizon in sunmier than in 
winter, which also produces a corresponding effect 
The reason why a difference in the inclination of the sun's rays falling upon 
* For explanation of the term polarization, aee chapter on Ught 
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fhe Bor&oe of the earth ooeaaioiis a difibrence in their heating effect is, that 
the more the rays are inclined, the more ihey are difliised, or, in other word?, 
the larger the space they cover. This may be rendered apparent by reference 
to Kg. 197. 

Fig. 19t. ^^ ^ suppose A B D to represent 

a portion of the snn's rays^ and D a 
portion of the earth's sur&ce upon which 
the rays fall perpendicularly, and C E 
portions of the surface upon which the/ 
fall obliquely. The same number ci' 
ra3rs will strike upon the surfaces C D 
and C E, but the sur&ce G E being 
greats than G D, the rays win necessarily &11 more densely upon the latter ; 
and as the heating power must be in proportion to the density of the rays, it 
is obvious that G D will be heated more than G E, hi just the same propor- 
tion as the surface E is more extended. But if we would compare two 
sui&ces upon neither of which the sun's rays &I1 perpendicularly, let us take 
£ and G f*. They &11 on G E with more obUquity than on G F; but G E 
is evident greater than G F, and therefore the rays bemg diffused oyer a 
larger sur^oe are less d^ise, and ih&reioce less effective in heating. 
•vrhBX to the *7S. The greatest natural temperature ever 
Sn^Stoi authentically recorded was at Bagdad, in 1819, 
ererobflerrodf -^iien the thermometer (Fahrenheit's) rose to 
120** in the shade. On the west coast of Africa the ther- 
mometer has been observed as high as 108° F. in the 
shade. Burckhardt in Egypt, and Humboldt in South 
America, observed it at 117** F. in the shade. 
^^ 474. About 70** below the zero of Fahrenheit's 

lowest tempe! thermometer is the lowest atmospheric temper- 
ature ever experienced by the Arctic navigators. 
Towhjttextent 475. The grcatcst artificial cold ever pre- 
via bS^- duced was 220* F. below zero. 

dwedf xhis tempwatore was obtained some years since by H. 

Natterer, a German chemist PFo&ssor Paraday thus also produced a cold 
equal to 166° F. below zero. At neither of these temperatures were pure 
alcohol or ether frozen. 

The eethnated temperature of the ifpace above the earth's atmosphere has 
been estimated at 68o below zero, FahrenheiVs thenncHneter. 

To what depth 476. The depth to which the influence of 
dU«*th8^^ the beat of the sun extends into the earth va- 
ofttie Bttn ex- rfeg from 50 to 100 feet ; never, however, ex- 
ceeding the latter distance. 
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How do wo Independently of the sun, however, the earth is a source of 
know that the beat The proof of this is to be found in the fact, that as wo 
of 'h^t* ***""* descend into the earth, and pass beyond the Umits of the influ- 
ence of the solar heat, the temperature constantly rises. 

At what rate 477. The iucrcase of temperature observed as 
pcStureoAhe we descend into the earth, is about one degree 
earth increasef ^^^^le thermometerfor every fifty feet of descent, 

Supposing the temperature to increase according to this ratio, at the dopth 
of two miles water would be converted into steam ; at four miles, tin would 
be melted ; at five miles, lead ; and at thirty miles, almost every earthy sub^ 
stanco would be reduced to a fluid state. 

The internal heat of the earth does not appear to have any sensible effect 
upon the temperature at the surface, being estimated at less than l-30th of 
a degree. The reason why such an amount of heat as is supposed to exist in 
tbo interior of the earth does not more sensibly afifect the sur&ce is because 
the materials of which the exterior strata or crust of the earth is composed, 
do not conduct it to the surface from thfr interior. 

Under what '^^S. Whoii electrfcity passes from one sub- 

ii d^dtjl! stance to another, the medium which serves to 
source of heat t couduct It is vciy frequently hcatcd ; but in 
what manner the heat is produced we have no positive in- 
formation. 

The greatest known heat with which we are acquainted, is thus produced 
by the agency of the electric or galvanic current. All known substances can 
be melted or volatilized by it 

Heat so developed has not been employed for practical or economical par- 
poses to any great extent ; but for philosophical experiments and investiga- 
tions it has been made quite usefiiL 

How is chem- 479. Many bodies, when their original con- 
wurclof Sat* stitution is altered, either by the abstraction 
of some of their component parts, or by the 
addition of other substances not before in combination 
with them, evolve heat while the change is taking place. 

In such cases, the heat is said to be due to chemical ac- 
tion. 

What is chem. 480. Wc apply the term chemical action to 
icai action? thosc opcratious, whatever they may be,. by 
which the form, solidity, color, taste, smell, and action of 
substances become changed ; so that new bodies, with 
quite different properties, are formed from the old. 

A familiar illustration of the manner in which heat is evolved by chemical 



BOtTBCES OF HEAT. 213 

fiction IS to be fotmd in the experiment of poiiring cold water npon quick- 
lime. The water and the lime combine together, and in so doing liberate a 
great amount of heat, sufficient to set fire to combustible substances. 

How is hflftt 481. Heat is always evolved when a fluid is 
c£2^^ofinS transformed into a solid, and is always ab- 
in matter? sofbcd wbcn a soUd is made to assume a fluid 
condition. As water is changed from its liquid form when 
it is taken up by quicklime, therefore heat is given oS. 

The heat produced by the various forms of combustion, is the result of chem- 
ical action. 

la what two ^^^' ^®®'* ®™*s ^ *^^ ^^^7 diflfereut con- 
eoQditionBdoe* ditious, as Fbee, or Sensible Heat, and as 

heat exist? ^ ' ' 

Latent Heat.* 
whatLiseiiii. ^83. Whcu tho hcat retained or lost by a 
bieheat? }x)dj is attended with a sense of increased or 

diminished warmth^ it is called sensible heat, 
whatiautent 484. Whcu the hcat retained or lost by& 
*~*^ body is not perceptible to our sense, it is called 

latent heat. 

„ . _ Eyery substance contains more or less of latent heat Al- 

How do we . , •' ■...•.*. 

knov heat to though OUT senses give us no direct mformation of its pres- 

tf*wc"<in*not ®^^ ^® ^"^^^ ^^ * variety of experiments, prove that it ex- 

pexoeiTe it? ists. Thus, the temperature of ice is 32^ by the thermometer^ 

but if ice be melted over a fire and converted into water, the 

water will be no hotter than the ice was before, although in the operation 

140 degrees of heat have been absorbed by the ice. When, on the contrary, 

water passes into ice, a large amount of heat which was before latent in the 

water, passes out of it, and becomes sensiblcf 

486. Another important source of heat is 
chanicai action mcchanical actiou, heat being produced by 
aaourceo ea £jjg^£Qjj ^^^ Y}j the coudeusation, or compres- 
sion of matter. 

What are mai. Savage nations kindle a fire by the fiiction of two pieces 
tratioafl of the of dry wood ; the axles of wheels revolving rapidly firequently 
SS* °hy**frie^ become ignited ; and m the boring and turmng of metal the 
tiobf chisels often become intensely hot. In all these cases the 

friction of the surfeces of wood or of metal in contact, dis- 
turbs the latent heat of these substances, and renders it sensible. 
The following interesting experiment was made by Count Rumford, to il' 

* Latent^ from the Latin irord lateo, to be hid. 

t The phenomena of latent heat are Airther considered under the head of liqaefaetion. 
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lostrate the effect of fiiction in producing heat :— A borer waa xaade to le- 
volve m a cylinder of brass, partially bored, thirty-two times in a miQiita. 
The cylinder was inclosed in a box cc«itaining 18 pounds of water, the tem* 
perature of which was at first 60^, but rose in an hour to 10*70; go^ Jq 
two hours and a half the water boiled. 

Is air necessary -Aitdoes not i^pear to be neoessaiy to the inoduction of 
fur the prodoo- heat by the friction of solid bodiai; oince beat is prodooed 
friction^r*'*' **y by frietion within a vacuum. 

To whatever extent the operation may be carried, a body 
nover ceases to give out heat by fiiction, and this &ot is o(»isidered as a 
strong aigument in &vor of the theory that heat is not a substance, but 
merely a property of matter. 

Solids alone produce heat by fidction ; and no elevation of temperature 
ever takes place from the mere agitatioa of liquid! ot gases against each 
other. 

The heat excited by friction is not in proportion to the hardness or elas- 
ticity of the bodies employed ; on the contrary, a piece of brass rubbed with 
a piece of cedar- wood produced more heat than when rubbed with another 
piece of metal ; and the heat was still greater when two pieces of wood were 
employed. 

The reduction of matter mto a smaller compass by an exter- 
SSonfof'Se ^ ^^ mechanical force, is generally attended with an evolu- 
prodaction of tlon of heat To such an act of compression we apply the 
dSaationf**"^ *6"^ Condensation. 

Heat may be evolved from air by condensation. This may 
be shown by placing a piece of tmder in a tube, and suddenly compressing the 
air contained in it by means of a piston. The air being thus condensed, parts 
with its latent heat in sufficient quantity to set fire to tiie tinder at the bot- 
tom of the tube. Another familiar experiment of the evolution of heat by 
condensation, is the rendering of iron hot by striking it witii a hammer. The 
X)articles of the iron being compressed by the hammer, can no longer contain 
so much heat in a latent state as they did before: some of it therefore be- 
comes sensible, and mcreases the temperature of the metal, and the striking 
may be continued to such an extent as to render the iron red-hot 

When a match is drawn over sand-paper or other rough substance^ cer- 
tain phosphoric particles are rubbed off, and being compressed between the 
match and the paper, their heat is raised sufficientiy high to ignite them and 
fire the match. If the match be drawn over a smooth surfiu^e, the oompres- 
f^ion must be increased, for the temperature of the whole phosphoric mass must 
bo raised in order to cause ignition. 

The fulminating substance of a percussion-cap explodes when struck by a 
hammer, because the blow occasions a compression of the particles, by which 
a sufficient amoimt of latent heat is liberated to produce ignition. 

whatis meant 486. AU Hving aiiimals possess the property 
by vital heat ? ^£ maintaining in their system an equable tern- 
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peratnre, whether surrounded by bodies that are hotter or 
colder than they are themselves. The cause of this is due 
to the action of vital heat, or the heat generated or ex- 
cited by the organs of a living structure. 

The foUowixLg facts illustrate this principle : — ^The explorers of the Arctic 
regions, during the polar winter, while breathing air that firoze mercury, still 
had in them the natural warmth of 98° Fahrenheit above zero; and the 
inhabitants of India^ where the same thermometer sometimes stands at 
IIS^ in the shade, have their blood at no higher temperature. Again, 
the temperature of birds is not that of the atmosphere, nor of fishes that 
of the sea. 

,^^ 487. The cause of animal heat is undoubt- 

canw of TifaS edly due to chemical action ; — the result of 
** respiration and nervous excitation. 

Do plants pos- Grbwing vegetables and plants also possess, in a degree, 
8688 this prop- tiie property of maintaining a oonstuit temperature within 
®^^ their structure^ The sap of trees remains unfrozen when the 

temperature of the surrounding atmosphere is many degrees below the freez- 
ing point of water. 

This power of preserving a constant temperature in the animal structure ia 
limited. Intense cold suddenly coming upon a man who has not suffident 
protection, first causes a sensation of pain, and then brings on an almost irre- 
sistible sleepiness^ which if indulged in proves Mai. A great excess of heat 
also can not long be sustained by the human system. 

Each species of animal and vegetable appears to have a temperatare natural 
and peculiar to itself and from this diversity different races are fitted for dif- 
ferent portions of the earth's surface. Thus, the orange-tree and the bu*d of 
Paradise are confined to warm latitudes; the pine-tree and the Arctic bear, 
to those which are colder 

When animals and plants are removed from their peculiar and natural dis- 
tricts to one entirely dififerent, they cease to exist, or change their character 
in such a way as to adapt themselves to the clhnate. As illustrations of this, 
we find that the wool of the northern sheep changes in the tropics to a spe- 
cies of hair. The dog of the torrid zone is nearly destitute of hair. Bees 
transported fix>m the north to the region of perpetual summer, cease to lay up 
stores (Phoney, and lose in a great measure their habits of industry. 

Man alone is capable of living in all climates, and of migrating fi*eely to all 
portions of the earth. 

Of all animals, birds have the highest temperature ; manmialia, or those 
which suckle their young, come next ; then amphibious animals, fishes, and 
certain insects. Shell-fish, worms, and the like, stand lowest in the scale of 
temperature. The common mud-wasp, in its chrysalis state, remains unfrozen 
during the most severe cold of a northern winter ; the fluids of the body in- 
stantly congeal, however, in a freezing temperature, the moment the case, 
or shell which incloses it, is crushed. 
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SBOTION II. 

OOMXUKICATIOH 07 HBi.T. 

g>ir!^b»t 488. Heat may be communicated in three 
c»tedf ways: by Conduction, by Convbction, and 

by Badiation. 

489. Heat is communicated by condactioa 
communicated whcu it tiavels from particle to particle of the 

yco uc on g^j^g^jance, as from the end of the iron bar 
placed in the fire to that part of the bar moat remote 
&om the fire. 

What to con- 490. When heat is communicated by being 
vection? carried by the natural motion of a substance 
containing it to another substance or j^lace^ as when hot 
water resting upon the bottom of a kettle rises and carries 
heat to a mass of water through which it ascends, the heat 
is said to be communicated by convection, 
whatiiradia- 491. Hcat is communicatcd by radiation 

tionofheat? -^heu it Icaps, as it were, fix)m a hot to a cold 
body through an appreciable interval of space ; as when a 
body is warmed by placing it before a fire removed to a 
little distance from it. 

How does a ^92. A hcatcd body cools itself, first by giv- 
cSuidn**^^ ing off heat from its surface, either by conduc- 
tion or radiation, or both conjointly ; and sec- 
ondly, by the heat in its interior passing from particle to 
particle by conduction, through its substance to the sur- 
face. A cold body, on the contrary, becomes heated by a 
process directly the reverse of this. 

Do all bodies 493. Different bodies exhibit a very great 
dually wcS*?* degree of difference in the facility with which 
they conduct heat : some substances oppose 
very little impediment to its passage, while through others 
it is transmitted slowly. 

What are con- 494. All bodics are divided into two classes 
Son.'^JnduJtors ^^ respect to their conduction of heat, viz., 
of heat r Ij^^q conductors and non-conductors. The for- 
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xner are sucli as allow heat to pass freely through them ; 
the latter comprise those which do not give an easy pass- 
age to it. 

Dense solid bodies, like the metals, are the best con- 
ductors of heat ;* light, porous substances, more especially 
those of a fibrous nature, are the worst conductors of heat. 

The different conducting power of various solid substances may be strik- 
ingly shown by taking a series of rods of equal length and thickness, coating 
on© of their extremities with wax, and placing the other extremities equally 
in a source of heaL The wax will be found to entirely melt off from some 
of the rods before it has hardly softened upon others. 
What is the ^^5. Liquids are almost FiQ- 198- 

^^TO^^^iiq- al^solute non-conductors of 
«»idB? iieat. 

If a small quan^ of alcohol be poured on the sor- 
&ce of water and inflamed, it will continue to bum 
for some time. (See Fig. 198.) A thermometer, 
immersed at a small depth below the common sur- 
&ce of the spirit and the water, will iail to show any 
Increase in temperature. 

Anotiier and more simple experiment proves the 
same fact ; as when a blacksmith immerses his red- 
hot iron in a tank of water, the water which sur- 
rounds the iron is made boiling hot, while the water 
not immediately in contact with it remains quite cold. 

Pia. 199. If A tube neariy filled with water is held 

over a spirit lamp^ as in Fig. 199, in such a 
manner as to direct the flame against the 
upper layers of the water, the water will bo 
observed to boil at the top, but remain cool 
below. If quicksilver, on the contrary, be 
80 treated, its lower layers will s{)eediiy be- 
come heated. The particles of mercury will communicate the heat to each 
other, but the particles of water will not do ao. 

A stone, or marble hearth in an apartment, feels colder to 

^^ OT Sar* the feet than a woolen carpet, or hearth-rug, not because the 

w« ^earthfeel qj^q jg hotter than the other, for both are really of the same 

Srpet? temperature, but because the stone and marble are good 

• The fonowing tabic exhibits the relative conducting power of different eubstancea, 

the ratio expressing the conducting power of gold being taken at 100 ; 

Gold 

Platinum 

SUver . 

Copper . 

Iron 

2inc 

10 





. 100-00 


Tin . . . 


. 80-38 


. 08-10 


Lead . 


; IT'Oe 


. 97-30 


Marble ^ 


. 834 


. . 8^-82 


Porcelain . 


; , 1-22 


. S7'4l 


Brick earth . 


. . 118 


. 86-3T 
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conductona^ and the woolen carpet and heartfa-rog very bad coodoctot?*. 
The action of the two substances is as follows: — As soon as the hcailu- 
stone has absorbed a portion of heat from the feet, it instantlj dispose? 
of it by conducting it away, and calls for a fresh supply ; and this ac- 
tion will continue until the stone and the foot have established an eqaiii- 
brium of temperature between them. The carpet and the rug also absorb 
heat from the feet in like manner, but they conduct or cMirey it away<ao 
slowly, that its loss is hardly perceptible. 

Most rarieties of wood are bad conductors of heat; hence, though oxieeBd 
of a stick is blazing, the other end may be quite cold. Oooking Teasel^ he 
this reason, are often furnished with wooden handles, which conduct the heat 
of the Tessel too slowly to render its influx into our hands painful. For tJio 
same reason we use paper or woolen kettle-holders. 

To what extent ^^6. Bodies in the gaseous, or aeriform con- 
bodies w^et di^io^^ ftre more imperfect conductors of heat 
'»«»fc' than liquids. Common air, especially, is one 

of the worst conductors of heat with which we are ac- 
quainted. 

How is air 497. Air is, however, readily heated by con- 

heatedf vcction. Thus, whcu a portion of air by com- 
ing in contact with a heated body has heat imparted to 
it, it expands, and becoming relatively lighter than -the 
other portions around it, rises upward in a current, carry- 
ing the heat with it ; other colder air succeeds, and (being 
heated in a similar way) ascends also. A series of cur- 
rents are thus formed, which are called " convective cur- 
rents." 

In this way air, which is a bad conductor, rapidly reduces the temperaturo 
of a heated substance. If the air which encases the heated substance were 
to remain perfectly motionless, it would soon become, by contact, of the same 
temperature as the body itself, and the withdrawal of heat would be checked; 
but as the external air is never perfectly at rest, fresh and colder jwrtions 
continually replace and succeed those which have become in any degree 
heated, and thus the abstraction of heat goes on. 

For this reason a windy day always feels colder than a calm day of the 
same temperature, because in the former case the particles of air pass over 
us more rapidly, and every fresh particle takes some portion of heat. 

How may the 498. The couducting power of all bodies is 
^'i^g°*S^,f^e8 diminished by pulverizing them, or dividing 
be diminished t ^1^^^ Jq^q fi^e filamcnts. 
Thus saw-dust^ when not too much compressed, is one of the most perfect 
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non-eotidaetonofbeAt. Wo(d,ftr, hair ii&dftRtfaen^ are alflouixmg the worst 
ooiiductCNni of heat 

'Wii tan 'Woolens and ftirg are used lor dothing in eold weather, not 

tLmJ woolen becauae they im{»art any beat to the body, bat becanae they 
iMed fiKolotb. 1^ y,^ l^ oondttctore of heat; and therefore prevent the 
warmth of the body from being drawn off by the cxM air. 
The beat generated in the animal system by vital aotioa has oonstantly a 
tendency to eeoape, and be dissipated at the sor&oe of the body, and the rate 
at which it is dissipated d^>ends on the difference between the temperature 
c^ the «arface of the body and the temperatore of the sunoonding medium. 
By interposing, however, a non-conducting substance between the sur&ce of 
the body and the external atmosphere, we prevent the loss of heat which 
would otherwise take place to a greater or less degree. 

The non'<»ndttOtiog i»t>perties of fibrous and porous sub- 

tt^ ^ non-cM- ^^^'^^'^ *"* ^^® almost altogether to the air contained in their 

daeting prop- interstioee^ or between their fibers. These are so disposed as 

Bu tobmcMdae? ^ receive and retain a large quantity of air without permitting 

it to circulate. 

The warmest clothing is that which fits the body rather loosely, because more 
hot air will be confined by a moderately loose garment than by one which fits 
the body tightly. 

Blankets and warm woolen goods are always made with a nap or projec- 
tion of fibers upon the outside^ in order to take advantage of this prindpla 
The ni^ or fibers retain air among them, which, fix>m its non-conducting 
properties, swvee to increase the warmth of the material. 
_-^ . „ The finer the fibers of hair, or wool, the more closely they 

ence haa the retain the air enveloped within them, and the more imperme- 
fib^uponthe *^ they become to heat In accordance with this princi- 
wannth of » pie, the external coverings of animals vary not only with the 
material ? climate which the species inhabit, but also in the same indi- 

vidual they change with the season. In warm climates the furs are generally 
coarse and thin, while in cold countries they are fine, dose^ light, and of uni- 
form texture, almost perfect non-conductors of heat 

We have illustrations of this principle also in the vegetable kingdom. The 
bark of trees, instead of being compact and hard like the wood it envelops, 
is porous and formed of fibers, or layers, which, by including more or less of 
air between their surfaces, are rendered non-conductors, and prevent the 
escape of heat fix)m the body of the tree. 

An apartment is rendered much warmer for being furnished with double 
doors and windows, because the air confined between the two surfaces op- 
poses both the esci^ of warm air out of the room, and of cold air into the 
room. 

As a non-conducting substance prevents the escape of heat from within a 
body, so it is equally efficacious in preventing the access of heat from without 
In an atmosphere hotter than our bodies, the efi'ect of clothing would be to 
keep the body cooL Plannel is one of the warmest articles of dress, yet WO 
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can not preserve ice more effectnallj in smnmer than bj enveloping' it in ita 
folds. Firemen exposed to the intense heat of ftiraaoes and Bteam-boilers, in- 
Tariably protect themselves with flannel garments. 

Cargoes of ioe shipped to the tropica^ are generally packed for preservation 
in sawdust: a casing of sawdust is also one of the most efiectual means of 
preventing the escape of heat from the sur&oes of steam-boilers and steam- 
pipes. Straw, from its fibrous character, is an excellent non-conductor of 
beat, and is for this reason extensively used by gardeners for incasing planu 
and trees which are exposed to the extreme cold of ;winter. 

„ ^ Snow protects the soil in winter from the effects of cold in 

Howdoessnoir ^, ^ ,.- • , ^^., -,, 

protect the the same way that fur and wool protect animals, and clotli- 
Mrth from ijjg m^jj^ Snow is made up of an infinite number of littlo 
crystals, which retain among their interstices a large amount 
of air, and thus contribute to render it a non-conductor of heat. A covering 
of snow also prevents the earth from throwing off its heat by radiation. Tho 
temperature of the earth, therefore, when covered with snow, rarely descends 
much below the freezing-point, even when the air is fifteen or twenty de- 
grees colder.* Thus roots and fibers of trees and plants, are protected from a 
destructive cold. 

499. Clothing: is considered warm or cool ac- 

Uoder what . . . " , n ^^^ i 

circumsunces cordiDg as it iDipedcs or lacmtates the passage 
Bidcred warm of hcat to 01 from the surface of our bodies. 
The finer the cloth, the more slowly it con- 
ducts heat. Fine cloths, therefore, are warmer than 
coarse ones. 

Woolen substances are worse conductors of heat than cotton, cotton tlian 
silk, and silk than linen. A flannel shirt more effectually intercepts heat 
than cotton, and a cotton tlian a linen one. 

The sheets of a bed feel colder than the blankets, because they are better 
conductors of heat, and carry off the heat more rapidly from the body, the 
actual temperature of both, however, is the same. For the same reason, a 
linon handkerchief is cooler and more agreeable to the face than a cotton one 

Cellars feel cool in summer, and warm in winter, because the external air 

* *' Few can realize tho protecting value of the warm coverlet of snow. No eider-down 
in the cradle of an infant is tucked in more kindly than the sleeping-dress of winter about 
the feeble flowev-Ufe of the Arctic regions. The first warm snows of August and Septcut- 
ber, falling on a thickly-blended carpet of grasses, heaths and willows, enshrine tho 
flowery growths which nestle around them in a non-conducting air-chamber; and us 
each successive snow increases the thickness of the cover, we have, before the intense c- JJ 
of winter sets in, a light cellular bed, covered by drift, six, eight, or ten feet deep, i i 
which the plant retains its vitality. The frozen sub-soil docs not encroach upon this nxs- 
row cover of vegetation. I have found, in mid-winter, In the high latitude of TS*, the 
surface so nearly moist as to be friable to the touch; and on the iee-floes oommoids^ 
with a surface temperature of 30* below zero, I found, at two feet deep, a temperature of 
8* below zero, at four feet 2* above zero, and at eight feet 28* above zero. My ezperi- 
ments prove that the conducting power of snow is proportioned to its compreasiQn by 
winds, rains, drifts, and congelation.**— Da. Kaks's Second ArcUo EzpedUton. 



COHMUNICATIOK OF HISAT. 221 

has not free access into them ; in consequence of which the j remain almoist at 
an even temperature, which in summer is about 10 degrees ooldefi and in 
-winter about 10 degrees warmer than the external air. 

500, Refrigerators, used for the preservation of animal and 
priiMsipie are vegetable substances in warm weather, are double-walled 
rd^gerators boxes, with the spaces between the sides filled with powdered 
safes con- charcoal, or some other porous, non-conducting substance. 
Btructedr rpjjQ so-called "fire-proof" safes are also constructed of 

double or treble walls of iron, with intervening spaces between them filled 
with gypsum, or " Plaster of Paris." This lining, which is a most perfect 
non-conductor, prevents the heat from passing fi-om the exterior of the safe 
to the books and papers within. The idea of applying " Plaster of Paris" in 
tills way for the construction of safes, originated, in the first instance, fix>m a 
workman attempting to heat water in a tin basin, the bottom and sides of 
which were thinly coated with this substance. The non-conducting proper- 
ties of the plaster were so great as to almost entirely intercept the passage of 
the heat, and the man, to his surprise, found that the water, although directly 
over the fire, did not get hot. 

501. It has been already stated that liquids and gases 
are non-conductors of heat, and can not well be heated, 
like a mass of metal, or any solid, by the communication 
of heat from particle to particle. 

Why can not This peculiarity is owing to the mobility 
g« " be hSu which subsists among the particles of all fluids, 
manner a?*S! ^^^ *o tho chaugo iu the sizo of the particles, 
^^•' which is invariably produced by a change in 

their temperature. 

The constituent particles of solid bodies being incapable of changing their 
relative position and arrangement, the heat can only pass through them, fix>m 
particle to particle, by a slow process ; but when the particles forming any 
stratam of liquid are heated, their mass, expanding, becomes 
lighter, bulk for bulk, than the colder stratum immediately 
above it, and ascends, allowing the superior strata to descend. 

How ig irater 502. Whcu the hcat enters at 
made hot? ^j^q bottom of a vcsscl containing 
water, a double set of currents is immediately 
established — one of hot particles rising to- 
ward the surface, and the other of colder par- 
ticles descending to the bottom. The por- 
tion of liquid which receives heat from below 
is thus continually diffused through the other 
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parts, and the heat is commiinicated bj the motion of the 

partieles among each other. 

These currents take place so rapidly, that if a thermometer be placed at 
the bottom and another at the top of a long jar, the fire being applied below, 
the upper one will begin to rise almost as soon as the lower one. The 
movement of the particles of water In boiling will be understood by reference 
to Fig. 200. Thej may be rendered visible by adding to a flask of boiling 
water a few small particles of bituminous coal, or flowers of sulphur. 

Air and other gases are heated in precisely the same manner as water, 
and this method of communicating heat is termed convection. 

Heat, however, passes by conduction between the particles of both K qtiids 
and gases, but to such a slight extent, that they were for a long time re- 
garded as entirely incapable of conducting heat 

In whAt man. ^O^. Tho process of cooling in a liquid is 
ner^is^a liquid airectlj the reverso of that of heating. The 
particles at the surface, by contact with the 
air, readily lose their heat, become heavier, and sink, while 
the warmer particles below in turn rise to the surface. 

To heat a liquid, therefore, the heat should be applied at the bottom of 
the mass ; to cool it, the cold should be applied at the top^ or Borfaoe. 

The facility with which a liquid may be heated or cooled depends in a great 
degpree on the mobility of its particles. Water may be made to retain its 
heat for a long time by adding to it a small quantity of starch, the particles 
of which, by their viscidity or tenacity, prevent the free drculation of the 
heated particles of water. For the same reason soup retains its heat longer 
than water, and all thick hquids, like oil, molasses, tar, etc., require a conffld- 
erable time for cooling. 

Ex lain the ^^^ "When the hand is placed near a hot body suspended 

phenomena of in the air, a sensation of warmth is perceived, even Ibr a 
radiatton . considerable distance. If the hand be held beneath the body, 

the sensation will be as great as upon the sides, although the heat has to 
shoot down through an opposing current of air approaching it This effect 
does not arise from the heat being convoyed by means of a hot current, since 
all the heated particles have a uniform tendency to rise; neither can tt de- 
pend upon the conducting power of the air, because aeriform substances pos- 
sess that power in a very low degree, while the sensation in the presoiit case 
is excited almost on the instant This method of distributing heat, to dis- 
tinguish it from heat passing by conduction, or convection, is called radiation, 
and heat thus distributed is termed radiant, or radiated heat 

Do au bodies ^^' -^^ bodics Hidiate heat in some meas- 

"^ vSn* ^^®' ^^* ^^* ^^^ equally well ; radiation being 

in proportion to the roughness of the radiating 

surface. All dull and dark substances are, for the most 
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part, good radiators of heat ; but bright and polished sub- 
stances are generally bad radiators.* Color, however, 
alone, has no effect on the radiation of heat. 

If a metal sarfaoe be scratched, its radiating power is increased. A liquid 
contained in a bright, highly-polished metal pot, will retain its heat much 
longer than in a dull and blackened one. This is not due to the polish or 
brightness of the surface, but to the fact that, by polishing, the sur&ce is ren- 
dered dense and smooth, and such surfaces do not allow the heat to escape 
readily. If we cover the polished metal surfeoe with a thin cotton or linen 
clot^ so as to render the surface less dense, the radiation of heat, and conse- 
quent cooling, will proceed rapidly. 

Black lead is one of the best known radiators of heat, and on this account 
is generally employed for the blackening of stoves and hot-air flues. As a 
high polish is unfikvorablelo radiation, stoves should not be too highly polished 
with this substance. 

Heat radiated from the sun is all radiant heat 
H is h ^^' ^^** ^^ propagated through space by 

propagated by radiatiou in straight lines, and its intensity 
varies according to the same law which governs 
the attraction of gravitation, that is, inversely as to the 
square of the distance.f 

Thus the heating effects of any hot body is nine times less at three feet than 
at one ; sixteen times less at four feet ; and twenty-flve times less at five. 

The velocity with which radiant heat moves through space 
S^ does »^ is, in all probabihty, the same as the velocity of light Some 
dUnt heat authorities, however, consider it to be only four fifths of that 
moTe ? ^ jj^j^^ ^^ about 164, 000 miles in a seccmd of time. 

Does radiation 507. Thc radiation of heat goes on at all 
^^^fToS^M times, and from all surfiswes, whether their 
^"^^^ temperature be the same or different from 

that of surrounding objects : therefore the temperature 
of a body falls when it radiates more heat than it absorbs; 
its tjcmperature is stationary when the quantities emitted 
and received are equal ; and it grows warm when the ab- 
sorption exceeds the radiation. 

• The action of a blackened surface of tin being assumed as 100, it has been found that 
that of a steel plate was 15 ; of clean tin, 12 ; of tin scraped bright, 16 ; when scraped with 
the edge of a fine file in one direction, 26; when scraped again across, about 13; a sur- 
face of dean lead, 19 ; covered with a gray erast, 45 ; a thin emst of isinglass, 80 ; rosin 
96; writing-paper, 98; ice, 85. 

t It l« an exceedingly eurions fact that this law applies to all physical influences that 
spread from a center, such as gravitation, heat, light, electrical forces, magnetism and 
sound ; and to all central forces, when not weakened by any redstanoe or opposing foroa 
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If a body, at any temperature, be placed among other bodies, it "will affect 
their condition of temperature, or as we express it, ihermaUy ; just as a candle 
brought into a room illuminates all bodies in its presence ; with this difference, 
however, that if the candle be extinguished, no more light is dififtsed bj it ; 
but no body can be thermally extinguished. All bodies, howerer low be 
their temperature, contain heat, and therefore radiate it. 

If a piece of ice be held before a thermometer, it win cause 
tiieroiomlBter* *^® mercuiy in its tube to fall, and hence it has been sup- 
■ink when posed that the ice raoitted rays of cold. This supposition is 
brought near erroneous. The ice and the thermometer both radiate heat^ 

and each absorbs more or less of what the other radiates to- 
ward it But the ice, being at a lower temperature than the thermometer, 
radiates less than the thermometer, and therefore the thermometer absorbs 
less than the ice, and consequently faMa. If the thermometer placed in the 
presence of the ice had been at a lower temperature than the ice, it would^ 
for like reasons, have risen. The ice in that case would have warmed the 
thermometer. 

What ao we ^^^' Radiations, or effects which are propagated in straight 
mean by rays lines only (such as light and radiant heat), are most conve- 
^htf^* ®' niently considered by dividing them into mnumerable straight 

lines, at rays; not that there are any such divisions in nature, 
but they enable us more readily to comprehend the nature of the phenomena 
with which these principles are concerned. 

When radiant 510. When rays of heat radiated fix)m one 
Jht'su'Jfoc?^ body fall upon the surface of another body, they 
ma^^H^be dta!^ may be disposed of in three ways: 1. They 
J****^ ^^ may rebound from its surface, or be reflected ; 

2. They may be received into its surfiwe, or be absorbed ; 

3. They may pass directly through the substance of the 
body, or be transmitted. 

^^ 511. A ray of heat radiated from the sur- 

ntfls heit^- face of a body proceeds in a straight line until 
it meets a reflecting surface, from which it 
rebounds in another straight line, the direction of which 
is determined by the law that the angle of incidence is 
equal to the angle of reflection. 

The manner in which heat is reflected is strikingly shown by taking two 
concave mirrors, M and N, Fig. 201, of bright metal, about one foot in diameter, 
and placing them exactly opposite to each other at a distance of about ten 
feet In the focus of one mirror, as at i^, is placed a heated body, as a mass 
of red hot iron, and in the focus of the other mirror, as at B, a small quantity 
of gunpowder, or a piece of phosphorus. Tlie rays of heat, radiated in diverg- 
ing lines from the hot metal, strike upon the suiface of the mirror M, and aro 
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reflected by it in parallel lines to the sur&oe of the opposite mirror, N, where 
they will be caused to conyerge to its focus, B, and ignite the powder or 
phosphorus at that point 

Fxo. 201. 





whataregood ^^^' P^^^hcd metallic surfaces constitute 
reflectora of the bcst reflectors of heat ; but all bright and 
light colored surfaces are adapted for this pur- 
pose to a greater or less degree.* 

Water requires a longer time to become hot in a bright tin vessel than in a 
dark colored one, because the heat is reflected from the bright sur&co, and 
does not enter the vessel 

How do€fl the 613. The power of absorbing heat varies 
KJg**^h^ ^th almost every form of matter. Surfaces 
^*^* are good absorbers of heat in proportion as 

they are poor reflectors. The best radiators of heat also 
are the most powerful absorbers, and the most imperfect 
reflectors. 

Dark colors absorb heat from the sun more abundantly than light ones. 
This may be proved by placmg a piece of black and a piece of white cloth 
upon the snow exposed to the sun ; in a few hours the black doth will have 
melted the snow beneath it, while the white doth will have produced little 
or no effect upon it. 

The darker any color is, the warmer it is, because it is a better absorbent 
of heat The order may be thus arranged : 1, black (warmest of all) ; 2, violet ; 
3, indigo; 4, blue; 6, green; 6, red; 7, yellow; and 8, white (coldest of all). 

• Of 100 rays falling at an angle of 60* from the perpendicular, polished gold will reflect 
76 .' silver 62 ; brans, 62 ; brass irithont polish, 52 ; poltehcd brass varnished, 41 ; looking- 
glHBs, 20 ; glass plate blackened on the back, 12 : and metal plate blackened, 6. 

10* 
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A piaoe of brown paper snbmitted to the action of a bomiDg-glass, ignites 
much more quicldj than a piece of white paper, tlie reason of this is, tliat 
the white paper reflects the rays of the sun, and though but slightly lieated 
appears hi^j luminous ; while the brown paper, which absorbs the rajs, 
readily becomes heated to ignition. For the same reason a kettle whose bot- 
tom and sides are covered with soot, heats water more readily than a kettlo 
whose sides are bright and dean. 

Light-colored fiibrics are most suitable fi>r dresses in summer, sinoe they 
reflect the direct heat of the sun, and do not absorb it ; black out^de gar- 
ments, on the contrary, are most suitable for winter, as they absorb heat 
readily, but do not reflect it 

Hoar-frost, in the spring and autunm, may be observed to remain loogor 

in the presence of the morning sun, on light-colored substances than upcm Uie 

dark-colored soil, eta ; the former do not absorb the heat, as the dark-cdored 

bodies do^ but reflect it, and in consequence of this they remain too cold to 

thaw the froet deposited upon their surfaces. 

« i *v * 614. Air absorbs heat very slowly, and does not resLdUy 

How- is the at- _^ .^, .^ .. , ,. . , f , . ^ , x j / 

mosphereheat* part With it Aur rarely radiates heat, and is not heated to 

®^ ' any extent by the direct rays of the sun. The sun, however, 

heats the sur&oe of the eartb, and the air resting upon it is heated by contact 

with it, and ascends, its place being supplied by colder portions, which in turn 

are heated also. 

This reluctance of air to part with its heat occasions some very curious dif- 
ferences between its burning temperature and that of other bodies. Metals, 
which are generally the best conductors, and therefore communicate heat 
most readily, can not be handled with impunity when raised to a temperatoFo 
of more than 120° F. ; water becomes scalding hot at 160^ F. ; but air ap- 
plied to the skin occasions no very painful sensation when its heat is &r be- 
yond that of boiling water. 

Some curious experiments have been made in reference to the power ofttie 
human body to withstand the influence of heated air. Sir Joseph Banks en- 
tered an oven heated 52° above the boiling point, and remained there soine 
time without inconvenience. During the time, eggs, placed on a metal frame, 
were roasted hard, and a beefeteak was overdone. But though he could 
thus bear the contact of the heated air, he could not bear to touch any metal- 
lic substance, as a wateh-chain, money, etc Workmen, also, enter oveps, 
in the manufacture of molds of plaster of Paris, in which the thermometer 
stands 100° above the temperature of boiling water, and sustain no injury. 
In what man- 515. Heat, in passiDg through most sub- 
tranOTttted^* Btances, or media, is retained, or intercepted 
^rrobitlS^'f ^^ ^^ passage in a greater or less degree. The 
capacity of solids and liquids for transmitting 
heat is not always in proportion to their transparency, or 
capacity for transmitting light. 
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516. The heat of the sun posses tbrongh transparent 
bodies without loss ; but heat from terrestrial sources is 
in great part arrested by many substances which, allow 
light to pass freely, — such as water, alum, glass, etc. 

Thufl^ a plate of glass held between one's &oe and the sun will not protect 
it, bat held between the faoe and a fire^ It will interoept a large proportion of 
Reheat. 

517. Tbose substances which allow heat to pass freely 
through them, are called diai;heT7nanou8j and those which 
retain nearly all the heat they receive, are called other- 
manoua. 

Rock-salt allows heat to pass through it more readilj than any other known 
substance ; while a thin plate of alum, which is nearly transparent, ahnost 
entirely intercepts terrestrial heat Heat, indeed, will pass more readily 
through a black glass, so dark that the sun at noon is scarcely discernible 
through it, than through a thin plate of dear alum. Water is one of the least 
diathermanous substances, although its transparency is nearly perfect I^ 
therefore, it is desired to transmit light without heat, or with greatly dimin- 
ished heat, it is only necessary to let the rays pass through water, by which 
they will be stramed of a great part of their heat 

How does the ^* ^*® ^^^ found that the power of heat to penetrate a 
temperature of dense, transparent substance, is increased in proportion as the 
tog hlit *iUfo5t *®°^P©»tare of the body from which it is radiated is increased, 
its truismls- Heat, also, accompanied by Ught, is transmitted more readily 
"^^^ than heat without light 

Is a ray of solar ^^^' ^^* ^^^ ^^* QomQ to US conjomtly from the sun. 
heat simple or When a ray of light is caused to pass through a prism it is 
SfcSSSe? *° analyzed or separated mto seven brilliant colors, or element- 
ary parts. If the heat ray which accompanies the light is 
treated in a similar manner, our organs of eight are so constituted that we 
00 not discover any separation to have taken place in it It is, however, es- 
tablished beyond a doubt, that in the same manner as a ray of white light 
can be modified and divided, so a ray of radiant heat can be separated into 
parts possessing qualities corresponding to the various colors. 

SECTION III. 

THE ETFEOTS OV HEAT. 

What effect 519- ^hc general and most obvious eflfect of 
dSS'SJa^ heat upon material substances, is to expand 
'»^«*^ them, or increase their dimensions. 
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i> the form of 520. The form of all bodies appears to be 
pSndS^t^u^ entirely dependent on heat ; by its increase 
solids are converted into liquids, and liquids 
into vapor ; by its diminution vapors are condensed into 
liquids, and these in turn become solids. 

If matter ceased to be influenoed by heat, all liquids^ yapors, and doubtiess 
even gases, would become permanentlj solid, and all motion on the surfiice of 
the earth would be arrested. 

What are the ^21. The thrcc most apparent effects of 
^^rZria^ heat, so far as relate to the form and dimen- 
ofheat? gjQQg Qf bodies, are Expansion, Liquefaction, 

and Vaporization. 

Heat operates to produce expansion by introducing a repulsive force among 
the particles of the body it pervades. This repulsive force, in the case of 
solids, weakens or overcomes the attraction of cohesion, and gives to the par- 
ticles of all matter a tendency to separate, or increase their distance firmn ono 
another. Hence the general mass of the body is made to occupy a larger 
space, or expand. 

In what bodies ^22. Thc cxpansion occasioned by heat is 
ducethe*^^eat- gfcatcst ixx thoso bodics which are the least in- 
est expansion? fluenccd by the attraction of cohesion. Thus 
the expansion of solids is comparatively trifling, that 
of liquids much greater, and that of gases very consid- 
erable. 

Do bodies con- 523. Thc cxpansiou of the same body vriai 
t^nl M long continue to increase with the quantity of heat 
•s^heat enters ^"j^^^ eutcrs it, SO loDg as the form and chemi- 
cal constitution of the body is preserved. 
524. Among solids the metals expand the most ; but 
an iron wire increases only 1-802 in bulk when heated from 
zero of thc thermometer up to 212. 

Solids appear to expand uniformly from the freezing point of water v^ to 
212^, the boiling point of water; — ^that is to say, the increase of Yolumewhicb 
attends each degree of temperature which the body receives is equal. When 
solids are elevated, however, to temperatures above 212*^, they do not dU&te 
uniformly, but expand in an increasing ratia 

The expansion of soUds by heat is clearly shown by the following ezped- 
ment, Pig. 202 : m represents a ring of metal, through which, at the ordinary 
temperature, a small iron or copper ball, o, will pass freely, this ball being a 
little less than the diameter of the ring. If this ball be now heated by the 
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flame of an alcohol lamp, it will beocmie so Fio. 202. 

far expanded bj heat as no longer to pass 
through the ring. 

Whut appiica- ^® expansion of solids 
tions of the bj heat is made applicable 
^'i?Sr^\«I for many useful purposes in 

are made in the arts. The. tires of wheels, 
th^ arts? , ■. ■>. 

and hoops surrounding 

' water-vats, barrels, etc., are made in the 

first instance somewhat smaller than the 

ircune-work thej are intended to surround. \ 

Tboy are then heated red hot and put on 

in an expanded condition; on cooling, thej 

contract and bind together the several parts with a greater force than could 

be convenientlj applied by any mechanical meana In like manner, in con- 

Bhructing steam-boilers, the rivets are ^stoned while hot, in order that they 

may, by subsequent contraction, fasten the plates together more firmly. 

^^ . . 525. The force with which bodies expand 

gree of force and contract under the influence of the m- 
pand and con- crcasc or diminutiou of heat^ is apparently 
irresistible^ and is recognized as one of the 
greatest forces in nature. 

The amount of force with which a solid body will expand or contract is 
equal to that which would be required to compress it through a space equal 
to its expansion, and to that which would be required to stretch it through a 
space equal to its contraction* Thus, if a pillar of metal one hundred inches 
in height, being raised in temperature, is augmented in height by a quarter 
of an inch, the force with which such increase of height is produced is equal 
to a weight which being placed upon the top of the pillar would compress it 
80 as to diminish its height by a quarter of an inch. 

In the same manner, if a rod of metal, one hundred inches in length, be 
contracted by diminished temperature, so as to render its length a quarter of 
an indi less, the Ibroe with which this contraction takes place is equal to that 
which being applied to stretch it would cause its length to be increased by a 
quarter of an inch. 

This principle is sometimes practically applied when great mechanical force 
is Toqniied to be exerted through small spaces. Thus walls of buildings 
wfaichy firom a subsidence of the foundation, or an unequal pressure, have been 
tbrown out ci their perpendicular position, and are in danger ai filling, may 
be restored in the following manner: A series of iron rods are carried across 
the building, passing through holes in the waQs, and secured by nuts on the 
outside. The rods are then heated by lamps mitil they expand, thereby 
causing their ends to project beyond the building. The nuts with which 
these extremities are provided are then screwed up untQ they are in dose 
contact with the outside wall, the lamps are then withdrawn and the rodg 
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allowed to eooL In coolixig fhe^ graduallj oontmct^ and by their oonizao- 
tion draw up the walls. 

On acoonnt of the ezpanmon of metal by heat, the sucoessive rails which 
compose a line of railway can not be placed end to end, but a small space is 
left between their extremities for expansion. 

A stove sni^ and crackles when a fire is first kindled in it, and also when 
the fire in it is extingnished. This noise is occasioned by the expanaon and 
contraction of the several parts consequent on the increase and diminulioii of 
heat 

A glass or earthen vessel is liable to break when hot vrater is poured 
into it, on account of the unequal expansion of the inner and outer sur&ceflL 
Glass and earthen ware being poor conductors of heat, the inner surfiices 
in contact with the hot water become heated and expand before the outer are 
affected; the tendency of this is to warp or bend the sides unequally, and as 
the brittle material can not bend, it breaks, 

Nails in old houses are often loose and easQy drawn out ; the iron expands 
in summer and contracts in winter more than the wood into which it has 
been driven, and thus in time the opening is enlarged. 

When the stoi^)er of a decanter or smelling-bottle sticki^ a doth dl|^>ed in 
hot water, and applied to the neck of the bottle will firequently loosen it, since 
by the heat of the doth its dimensions are expanded and enlarged. 

The tone of a piano is higher in a cold than in a warm room, for the reason 
that the strings, being contracted by cold, are drawn tighter. 

„ ^ , _, . 526. Liquids expand through the agency of 
do liquidB ex- heat more unequally, and to a much greater 
degree than solids. 
A column of water contained in a cylindrical glass 
vessel will expand -^^ in length on being heated from 
the freezing to the boiling point, while a column of 
iron, with the same increase of temperature, will expand 
only T+T. 

A familiar illustration of the expansion of water by heat is seen in the over- 
flow of fun vessels before boiling commences. Different liquids expand vciy 
unequally with an equal increase in temperature. Spirits of wine, on being 
heated fh>m 32<> to 212^, increase one ninth in bulk; oil expands about oao 
twelfth ; water, as before stated, about one twenty-third. A person buying 
oil, molasses and spirits in winter, will obtain a greater weight of the samo 
material in the same measure than in sununer. Twenty gallons of alcohol 
bought in January, will, with the ordmary increase of temperature, become, 
by expansion, twenty-one gallons in July. 

What pqcqu- 527. Water, as it decreases in temperature 
^on^'dSa toward the freezing point, exhibits phenomena 
water eAiut! yifldoh QXQ whoUy at Variance with the general 
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law that bodies expand by heat and contract by cold, or 
by a withdrawal of heat.* 

As the temperature of water is lowered, it continues to contract until it 
arrives at a temperature of 39° F^ when aU further contraction ceases. The 
volume or bulk is observed to remain stationary for a time, but on lowering 
the temperature still more, instead of contraction, expansion is produced, and 
this expansion continues at an increasing rate until the water is congealed. 
At the moment also of its conversion into ice, it undergoes a still further 
QXpanalon. 

wiienia water ^^^' ^**®^ attains its greatest density, or 
«f t^grMtost the greatest quantity is contained in a given 
*^ ^^ bulk, at a temperature of 39'' F. 

As the temperature of water contmues to decrease below 39®, the pomt of 
its greatest density, its particles, from their expansion, necessarilj occupy a 
larger space than those which possess a temperature somewhat more elevated. 
The coldest water, therefore, being lighter, rises and floats upon the sur&ce 
of the warmer water. On the approach of winter this phenomenon actually 
takes place in our lakes, ponds and rivers. When the sur&ce-water becomes 
sufficiently chilled to assume the form of ice, it becomes still lighter, and con- 
tinues to float By this arrangement, water and ice being almost perfect 
non-conductors of heat, the great mass of the water is protected from the 
influence of cold, and prevented from becoming chilled throughout 

If water constantly grew heavier as its temperature diminished (as is the 
case with most liquids), the colder particles at the surface would constantly 
smk, until the whole body of water was reduced to the freezing point Again, 
if ice was not lighter than water, it would sink to the bottom, and by the 
continuance of this operation, a river or lake would soon become an immense 
solid mass of ice, which the heat of summer would be insufficient to dissolve. 
The temperate regions of the earth would thus be rendered uninhabitable. 
Among all the phenomena of the natural world, there is no more striking 
illustration of the wisdom of the Creator, and of the evidences of design, than 
in this wonderful exception to a great general law. 

,„^ ^ 'She expansion of water at the moment of freezing is attrib- 

Wny does wa- , ^ . ,. . i. •- x. i ^ 

ter expand in uted to a new and peculiar arrangement of its particles. leo 
freesingf ^^ ^ reality, crystallized water, and during its formation the 

particles arrange themselves in ranks and lines which cross each other at 
angles of 60° and 120°, and consequently occupy more space than when 
Hquid. This may be seen by examining the surface of water in a saucer while 
freezing. 

A beautiM illustration of this crystallization of water in freezing is seen in 
the frost-work upon wmdows in wmter, caused by the congelation of the 
vapor of the room when it comes in contact with the cold surface of the glass. 

• A tew other liquids besides water expand irith a reduction of temperature. Fused 
iron, antimony, zinc, and bismuth, are examples of such expansion. Mercury is a r«- 
markable instance of the reverse, for when It fre^aes, it auflfers a Tory great contraction. 
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All these firost-woik figures are limited by the laws of czTStalHzatiozi, and the 
lines which bound them, form among themselves no angles but those of 
30O, 60°, and 120o. If we fracture thin ice, by allowing a pole or weight to 
fall upon it, the fracture will have more or less of regularity, being generally 
in the form of a star, with six equi-distant radii, or angles of 60°, 

629. The force exerted by the expansion of water in the 
fbrw doeT^a! ^^ of freezing is very great As an illustration, the following 
ter expand in experiment may be quoted : — Cast-iron bomb-shells, thurteen 
recE ng inches in diameter and two inches thicfc, were filled with wa- 

ter, and their apertures or fuse-holes firmly plugged with iron bolts. Thus 
prepared, they were exposed to the severe cold of a Canadian winter, 
at a temperature of about 19^ below zero. At the moment the water 
froze, the iron plugs were violently thrust out, and the ice protruded, and 
in some instances the shells burst asunder, thus demonstrating the enor- 
mous interior pressure to which they were subjected by water assuming a 
solid state. 

The rounded and weather-worn appearance of rocks is mainly due to the 
expansion of freezing water, which penetrates into their fissures, and is ab- 
sorbed into their pores by capillary attraction. In freezing, it expands and 
detaches successive fragments, so that the original sharp and abrupt outline is 
gradually rounded and softened down. 

The bursting of earthen water vessels, and of water pipes, by the freezing 
of water contained in them, are familiar illustrations of the same principle. 

By allowing the water to run in a service-pipe, we prevent its freezing, be- 
cause the motion of the current prevents the crystals from forming and 
attaching themselves to the sides of the pipe. 

At h t te ^^^' "^^^ ordinary temperature at which water fi'eezes is 

perature does 32°, Fahrenheit's thermometer. This rule applies only to 
water freeze? g^gjj water ; salt water never freezes until the surface is cooled 
down to 27®, or five degrees lower than the freezing point of winter. 

Under some circumstances pure water may be cooled down to a tempera- 
ture much below 32** without freezing. Thus, if pure, recently-boiled water, 
bo cooled very slowly and kept very tranquil, its temperature may be low- 
ered to 21<' without the formation of ice ; but the least motion causes it to 
congeal suddenly, and its temperature rises to 32®. 

Why is the ^^^' '^^ ^^ produced by the fireezing of sea or salt water 
ico produced is generally fresh and free from salt, since water in fireezaigv 
\nz of *8 Jt wal ^ sufficient fi-eedom of motion be allowed to its particles, «c- 
ter free from pels all impurities and coloring matters. The ice formed in 
^^^' the congelation of a solution of indigo is colorless, since the 

water in which the indigo was dissolved expels the blue coloring matter in 



Wh t is th Blocks of ice are generally filled with minute ahr-bubbles ; 

origin of the this is owing to the fact that the water in freezing expels tho 

IS»n*iS IM*?**" air contained in it, and many of the liberated bubbles becomo 

lodged and imbedded in the thickening fluid. 
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In what man. 532. Gases End aeriform substances expand 

expand bjrheat? 



Iter do_ gMc.^ 1^90th of the bulk which they possess at 32° 



for every degree of heat which they receive 
above that point, and contract in the same proportion for 
every degree of heat withdrawn from them. 

Thus, 490 cubic inches of air at 32^ would so expand as to occupy an inch 
more space at 33^, and by the addition of another degree of heat, raising its 
temperature to 34°, it would occupy an additional inch, and so on. In a like 
manner, by the withdrawal of heat, 490 cubic inches of air would occupy an 
inch less space at 31<^ than at 32° ; two inches less at 30**, and so on. The 
same law holds good for all other gases, and for vapors and steam. 

Illustrations of the expansion of air by heat are most &miliar. If a bladder 
partially filled with confined air be laid before the fire, the air contained in it 
may be expanded to a degree sufficient to burst the bladder. Chestnuts laid 
upon a heated sur&oe, burst with a loud report on account of the expansion 
of the air within their sheila The process of warming and yentilating build- 
ings depends entirely upon the application of this principle of the expansion 
and contraction of air by the increase and diminution of heat 

How xn*y the 583. As tho magnitude of every body changes 
SSSSSSon^of with the heat to which it is exposed, and as 
Ju!ld * to* S^ ^^^ same body, when subjected to calorific in- 
S^hS[?™®°* fluences under the same circumstances has al- 
ways the same magnitude, the expansions and 
contractions which are the constant effects of heat, may be 
taken as the measure of the cause which produced them. 
What are the 534. The instrumeuts for measuring heat 
mS^ri^'h^t are Thermometers and Pyrometers. The for- 
'*'"*** mer are used for measuring moderate tempera- 

tures ; the latter for determining the more elevated de- 
grees of heat. 

Hquids are better adapted than either solids or gases for measuring the 
cfieots of heat by expansion and contraction ; since in solids the direct ex* 
panaion by heat is so small as to be seen and recognized with difficulty, and 
in air or gases it is too extenfflve, and too liable to be affected by variations 
in the atmospheric pressure. From both of these disadyantages liquids are 
fi-eeu 

The liquid generally used in the construction of thermometers is mercury, 
or quicksilver. 

Mercuiy possesses greater advantages for this purpose than 
^J?ecUUy any other Uquid. It is, in the first place, eminently dis- 
adapted for the tinguished for its fluidity at all ordinary temperatures; it 
SS^mete«? is, in addition, the only body in a liquid state whose va- 
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nations in TolomQ^ or magnitade^ thrcmg^ a oonsiderable rmge of tempe- 
rature are exactly unifonn and proportional with every increase and dim- 
inution of heat Mercuiy, moreover, boQs at a higher temperature than 
any other liquid, except certain oils; and, on the other hand, it freezes at 
a bwer temperature than all other liquids, except some of tiie moefe Toia- 
tile, such as ether and alcohol. Thus a mercurial thermometer will have a 
wider range than any other liquid thermometer. It is also attended with 
this convenience, that the extent of temperature included between melting 
ice and boiling water stands at a considerable distance from the limits of its 
range, or its freezing and boiling pcHnts. 

Describe the 535. Th^ mercurfal thermometer consists cs- 
SoSJter! ****'" sentially of a glass tube with a bulb at one 
end, partially filled with mercury. The mer- 
cury introduced through an opening in the end of the 
tube is afterward boiled, so as to expel all air and moist- 
ure, and fill the tube with its own vapor. The open end 
of the tube is then closed, by fusing the glass, and as the 
mercury cools it contracts, and collects in the bulb and 
lower part of the tube, leaving a vacuum above, through 
which it may again expand and rise on the application of 
heat. In this condition the thermometer is complete, 
with the exception of graduation. 

^ . 536. As thermometers are constructed of different dimen- 

xnometers gra- sions and capacities^ it is necessaiy to have some fixed rules 
dnated? fy^ graduating them, in order that th^ msay always indicate 

the same t^nperature under the same circumstances, as the freezing-point, for 
example. To accomplish this end the following plan has been adopted : — 
The thermometers are first immersed in melting snow or ice. The mercury 
will be observed to stop in each thermometer-tube at a certain height ; tiiese 
heights are then marked upon the tubes. Now it has been ascertsdned tliat 
at whatever time and place the instruments may be afterward immersed in 
melting snow or iee, the mercury contained in them wiU always fix itsdf at 
the point thus marked. This point is called the freezing point of water. 

Another fixed point is determined by immersing the instruments in boiling 
water. It has been found that at whatever time or place the instruments 
are immersed in pure water, when boiling, provided the barometer standis at 
the height of thirty inches, the mercury will always rise in each to a certain 
height This, therefore, forms another fixed point on the scale, and is called 
the boiling point 

Thus &r all thermometers are constructed alike. In .the 
thermomete/ thermometer most generally used, and which is known as 
^^ahrenheil Fahrenhelt^s, the intervals on the scale, between the freezing 
^^^^^ and boiling points^ are divided iuto 180 equal parts. This 
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What eonsti- 
tates the dif- 
ference be- 
tween the dif. 
ferentyarieties 
of the ther- 
mometer ? 




dfriaite la aimflariy ocmthmed below tiw tnmmg point to 
the place 0, called sera, and each diyision upward Grom that 
is marked witii the successive numbers 1, 2, 3, eta The 
freezing point will now be the 32d division, and the bdling 
point will be the 212th division. These divisiona are called 
degrees, and the boiling point will therefore be 212°, and the 
freezing temperature, 32°. Fig. 203 represents the usual form 
of thermometer, with its graduated scale. 

Thermom^rs of this character are called Fahrenheit's^ 
from a Butch philosophical instrument-maker who first intro- 
duced this method of graduation in the j^ir 1724. 
What other 537. In addition to Fahrenheit's 

^2SfS5SJ- thermometer, two others are ex- 
heit'.areuBedr tensivelj used, which are known 
as Keaumur's, and the Centigrade thermom- 
eter, or thermometer of Celsius. 

The only difference between these three 
kinds of thermometers is the difference in 
graduating the interval between the freezing 
and boiling points of water. Reaumur's is di- 
vided into eighty degrees, the Centigrade into 
one hundred, and Fahrenheit's into one himdred and eighty. 
According to Eeaumur, water freezes at 0^, and boils at 80® ; 
according to Centigrade, it freezes at 0°, and boils at 100® ; 
and according to Fahrenheit, it freezes at 32®, and boils at 
212®; the last, very singularly, commences counting, not 
at the freezing point, but 32® below it 

The differ^ioe between tiiese 
instruments can be easily seen 
by reference to Fig. 204. 

In England, Holland, and the 
United States, the thermometer 
most generally used is Fah- 
renheit's. Reaumur's scale is used in Ger- 
many, and the Centigrade in France, Sweden, 
and some other parts of Europe. The scnlo 
of the Centigrade is by &r the sunplest and 
most rational method of graduation, and at th j 
present it is almost imiversally adopted for 
sdentiflo purposes. 

638. The thermometer was invented about 
the year 1600; but, like many other inven- 
tions, the merit of its discovery is not to bo 
ascribed to one person, but to be distributed 
among many. 
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now is cold of ^^^* '^ *^® temperature is lowered, tiie mercuiy in Fait 

great intensity renlieit's thermometer gradually sinks, until it reaches a poist 

iadicated ? 390 below zero, where it freezes. Mercury, therefore, can not 

be made available for measuring cold of a greater intensity. This difficnltjr 

is, however, obviated by using a ^ermometer filled with alcohol colored red, 

as this fluid, when pure, never freezes, but will continue to sink lower and 

lower in the tube as the cold increases. Such a thermometer is eaUed a 

spirit thermometer. 

„ , V * r 540. If a Fahrenheit's thermometer be heated, the meFeorv 

How is heat of . , , ., . , ^ 

great intensity contamed m It will nse m the tube until it reaches 660<>, at 

measured ? which temperature it beghis to boil. A slight additional heat 

forms vapor sufficient to burst the tube. Mercury, therefore, can not be used 

to measure degrees of heat of greater intensity than 660° F. Temperatures 

greater than this are determined by means of the expansion of solids; and 

instruments founded upon this principle are commonly called pyrometers. 

Fig. 205. 




Fia. 206. 



E lain th "^^ construction of the pyrometer is represented in Fig. 

construction of 205. A represents a metallic bar, fixed at one end, B, but 
the pyrometer, j^ft g^ ^^ ^j^^ ^^jjer, and in contact with the end of a pointer 
K, moving freely over a graduated scale. If the bar be heated by the flame 
of alcohol, the metal expands, and pressing upon the end of the pointer, moves 
it, in a greater or less degree. In this manner, the effect of heat, applied for 
a given length of time, to bars of different metals, having the same length and 
diameter, may be determmed. 

What is an ^^^' "^^^ ^™* thermometer 
air-thermome- used consisted of a column of 
^^^ air confined in a glass tube over 

colored water. Heat expands the air and in- 
creases the length of the column downward, 
pushing the Water before it: cold produces a 
contrary effect. The temperature is thus indi- 
cated by the height at which the water is ele- 
vated in the tube. Fig. 206 represents the prin- 
ciple of the construction of the air-thermometer. 
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Da the . '^ thormonieter does not iafimn xui howmncfa heatany sab- 
tn«iQeier in- Btanoe contains, but it merely points oat tiie difference in the 
mnSi 'heat ° a t©™P®rat':»re of two OF more substances. All we leam by the 
BDbstanee con- thermometer is whether the temperature of cme body is greater 
*^^* or less than that of ano&er; and if there is a difference, it is 

expressed nnmerically—- namely, by the degrees of the thermometer. It must 
be remembered that these degrees are part of an arbitmy scale, selected for 
convenience, without any reference whateyer to the actual quantity of heat 
present in bodies. 

After the ex- 542. The first effcct produced by heat upon 
SSSby he^ solids is expansion. If the heat be augmented, 
f^iB^ot *^^y change their aggregate state and melt, 
**'«*' or become liquid. Many solids become soft 

before melting, so that they may be kneaded ; for instance, 
wax, glass, and iron. In this position, glass can be bent 
and molded with facility, and iron can be forged or welded. 
whatisLique- ^43. By Liquefactiou we understand the 
*********' conversion of a solid into a liquid by the 
agency of heat, as solid ice is converted into water by the 
heat of the sun. 

Heat is supposed to convert a solid into a liquid, by forcing its constituent 
particles asunder to such an extent that the force of cohesion is overcome or 
destroyed. 

What is Sola- 544. When a solid is immersed in a liquid, 
*^' and gradually disappears in it, the process 
is termed solution, and not liquefaction. A solution is 
the result of an attraction or affinity between a solid and 
a fluid ; and when a solid disappears in a liquid, if the 
compound exhibits perfect transparency, we have an ex- 
ample of a perfect solution. 

_. . , When a fluid has dissolved as much of a solid as it is 

When 18 a sola- 

tioD said to be capable of ddng, it is said to be saturated ; or, m other .words, 

■»*«»*«dr ^g affinity or attraction of the fluid for the solid continues to 

operate to a certain point, where it is overbalanced by the cohesion of tbo 

solid f it then ceases, and the fluid is said to be saturated. 

„ ^ A solution is a complete union: a mixture is a mere mc- 

How does • , . , , «, ,. 
■olution differ chamcal umon of bodies. 

from^ a mix- j^ jj^^g^ ^j^yj^g, the addition of heat to a liquid greatly in- 
creases its solvent properties. Hot water will dissolve much 
more sugar than cold water; and hot water will also dissolve many things 
which cold water is unable to affect 
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Mmat is Tft- ^^- If b^ftt ^ impaited in sufficient quan- 
po'*^**^' titjr to a body in a liquid state, it will pass into 

a state of vapor. Thus, water being heated sufficientiy 

will pass into the form of steam* This change is called 

Vaporization. 

What is cou- 546. If a body in a state of vapor lose heat 
densation? ^ sufficieut quantity, it will pass into a liqiud 

state. Thus, if a certain quantity of heat be abstracted 

from steam, it will become water. This change is called 

Condensation. 

The change from a state of vi^r to a liqmd is tenned oondensatioii, be- 
cause, in so doing, the body always undergoes a yeiy considerable dimination 
of volume, and therefore becomes condensed. Host solids become liquefied 
before they yaporize ; but some pass at once, on the application <^ heat^ fiiora 
the state of a solid to that of a vapor, without aomming the liquid ccHidition. 

Is rtiea ^^'^^ ^^^ melting of a solid, or its conver- 
i"°^teSipeSl sion into a liquid, only occurs when the solid 
forthrform*. is heated up to a certain fixed point ; but the 
conversion of a hquid mto a vapor takes place 
at all temperatures. 

If in a hot day we expose a vessel filled with cold water to the open t&rt 
we find that the quantity of water rapidly diminishes, that is, it evapoiate^ 
which means that it is converted into vapor and diffused through the air. 

What ii the 648. The vapor of water, and all other va^ 
SpS?"*** **^ pors, are invisible and transparent. The water 
which has become difiused through the air by 
evaporation only becomes visible when, on returning to its 
fluid condition, it forms mist, cloud, dew, or frost, 

steam, which is the vapor of bdling water, is invisible^ but whsa it oomea 
in contact with air, which is cooler, it becomes condensed into sma& dropsy 
and is thus rendered visible. 

The proof of this may be found in examining the steam as it issues ftom 
an orifice, or the spout of a boilmg kettie : for a short space next to the open^ 
iiig no steam can be seen, since the air is not able to condense it; but as H 
spreads and comes in contact with a larger volimie of air, the invisible vapor 
becomes condensed into drops, and is thus rendered visible. 

The visible matter popularly called steam, should bo, therefore^ distin- 
guished firom steam proper, or the aeriform state of water. The cloud, or 
smoke-like matter observed, is really not an air or vapor at all, but a collec- 
tion of minute bubbles of water, wilted by a cuirent either of true steam, or, 
more fi^quently, of mere moist fur. 



TBK XFFXOTB 01" HKA.T. 



239 



Is a lining 
temperatnre 
reqidUte for 
thQ production 
of 8te»mr 



The n^priadfl of oslinxto gtoboleB of crater into whioh the steam is oondensed 
are separately inyislble to the naked eye, but each, neverthelesa^ reflects a 
minute ray of white light The multitude of these reflecting points, there- 
fore, make the space through which they are diffused appear like a cloudy 
body, 'Okote or less white, aoc(»ding to their abundance. 

The Bui&ce of any watery liquid, whose temperature is 
about 20^ wanner than any superincumbent air, rapidly gives 
off true steam. It is not necessary, therefore, for the produc- 
tion of steam that water should be raised to the boiling tem- 
perature. 

549. Air mthout vapor (theoretically called 
dry air) is not known to exist in nature^ and is 
probably not producible by art. 

550. Liquids in passing into vapors occupy 
a much greater space than the substances from 
which they are produced. Water, in pass- 
ing from its point of greatest density into 

steam, expands to nearly 1700 times its volume. 

Fig. 207 represents the oomparatiye 
volume of water and steam. 

651. Vapors 



lid vapor iJ. 
Trays present 
in air? 



What is the 
relaiive space 
oocnided by 
liqnidBandva* 
porsf 



Pig. 207* 



la the densil 



of Tapors 
focmf 



isitv 
QUI- 



are 




of all degrees of 

density. The va- 
por of water may be as thin as 
air, or almost as dense as water. 

The oinnion formerly prevailed that va- 
pors could not exist by themselves as 
such, but that they were dissolved in the 
air in the same way as salt is dissolved m 
water. The &]lacy of this idea is proved 
by the feet that evaporation goes on more 
rapidly in a vacuum, where no substance whatever is present, than in the 
air. 

552. Evaporation takes place from the sur- 
evapora. &ce8 of bodics ouly, and is influenced in a 
great degree by the temperature, dryness, still- 
ness, and density of the atmosphere. 

Uow d ste - "^^ effect of temperature in promoting, evaporation may be 
peratnxe infla* Illustrated by placing an equal quantity of water in two sau- 
Uo^? ^^^^^ cere, one of which is placed in a warm and dry, and the other 
in a cold and damp, situation. The former will be quite dry 
before the latter has suffered an appredable diminution. 



What eiream- 



coco 
Uour 
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H d ■ the ^^«^ water ia ooyered by a stratum of dry aSr, the evapo- 
Btate of the air ration is rapid, even wlien its temperature is low ; whereas it 
oreSon? *^^ K**®* ^^ ^^^ slowly if the atmosphere contains much vapor, 
even though the air be very warm. 

Bvaporation is far slower in still air than in a current The air imme- 
diately in contact with the water soon becomes moist, and thus a check is 
put to evaporation. But if the air be removed by wind from the sur&ce of 
the water as soon as it has become charged with vapor, and its place 
supplied with fresh air, then the evaporation continues on without inter, 
ruption. 

Evaporation is by no means ccmflned to the sur&ce of liquids; but takes 
place from the surface of the soil, and from ail animal and vegetable produc- 
tions. Evaporation takes place to a very considerable extent from the sur- 
&ce of snow and ice, even when the temperature of the air is far below the 
freezing point 

What Bi u ^^^* ^ ^^^ singular circumstance is connected with the 

cinumstance diffusion of vapors throughout the atmosphere, viz. : that the 
irithth'^dS?* vapors of all bodies arise into any space filled with air, in 
donof yapors? the same manner as if air were not present^ the two fluids 
seeming to be independent of each other. 

Thus as much vapor of water can be forced into a vessel filled with air as 
into one from which the air has been exhausted. 

554. When a drop of water falls upon a surfisu^ highly 
phenomena of heated, as of metal, it will be observed to roll along the sur- 
*i**lt^te"'^^f ^^^ without adhering, or immediately passing into vapor, 
liquids. The explanation of this is, that the drop of water does not in 

reality touch the heated surface, but is buoyed up and sup- 
ported on a la3rer of vapor which intervenes between the bottom of the drop 
and the hot surfiice. This vapor is produced by the heat which is radiated 
fi:t>m the hot substance, before the liquid can come in contact with it, and 
being constantly renewed, continues to support the drop. The drop generally 
rolls because the current of air which is always passing over a heated suar^ 
face drives it forward. The drop evaporates slowly, because the layer at 
vapor between the hot surfiice and the liquid prevents the rapid transmit- 
sion of heat The liquid resting upon a cushion of steam continuaily evolved 
from its lower sur&ce by heat, assumes a rounded, or globular shape, as tho 
result of the gravity of its particles toward its own center. 

The designation which has been ^ven to the condition which water and 
other liquids assume when dropped upon very hot sur&ces, is that of t&e 
" spheroidal state." 

If the surface upon which the liquid rests is cooled down to such an ex^ 
tent that vapor is not generated rapidly, and in sufficient quantity to sup- 
port the drop, it will come in contact with the sur&ce, and heat bemg com- 
municated by conduction, will transform it instantly into steam. 

This is the explanation of the practice adopted by laundresses of touching 
a flat-iron with moisture to ascertaui whether the sur&co is sufficiently hot 
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If the temperature of the iron is not elevated suffidently, the dknatoro wets 
the suHkce, and is evaporated ; but at a higher degxee of temperature, the 
moistare is repelled. 

The phenomenon of the q)heroidaI condition of water famishes an explana- 
tion of the feats often performed hy jugglers, of plungmg the hands with im- 
ponity into molten lead, or iron. The hand is moistened, and when passed 
into the liquid metal the moisture is vaporized, and interposes between the 
metal and the skin a sheath of vapor. In its conversion into vapor, the 
moisture abaorbs heat, and thus still fiirther protects the skin. 
What iB eboi- 555. When a liquid is heated suflBciently to 

^^"^^ form steam, the production of vapor takes 
place principally at that part where the heat enters ; and 
when the heating takes place not from above, but from 
the bottom and sides, the steam as it is produced rises in 
bubbles through the liquid, and produces the phenomenon 
of boiling, or ebullition. 

What ii th4 556. The temperature at which vapor rises 
boflingpoint? ^j^j^^ sujEcicut frcedom to cause the phenome- 
non of ebullition, is called the boiling point. 
Is the boiifai- 557. Different liquids boil at different tem- 
?^?uqSids^S; peratures. The boiling point of a liquid is, 
■**®' therefore, one of its distinctive characters. 

Thus water, under ordinary circumstances, be^ns to boil when it is heated 
tipto 2120 F.; alcohol at 1139; ether at 969; syrup at 221^; linseed oil 
at 640« 
y^^^ . . _ The gentle tremor, or ttndulatkm, on the surfeee of water 

mering? which precedes boiling, and which is termed " simmering,^* is 

owing to the coUs^se of the bubbles of steam as they shoot 
upward and are condensed by the colder water. The first bubbles which 
fonn aie not steam, but air which the heat expels fiom the water. As the 
temperature of the whole mass of the water increases, the bubbles are no 
longer eondensed and collapsed, but rise through to the sur&ce ; and the 
ZQomoit that this takes place boilhig commences. The singing of a tea-kettle 
before boiling is occasioned by the irregular escape of the air and steam ex- 
pelled from Mxe water through the spout of the tea-kettle, wWlf^ apts in the 
ffiaoaer of a wind-instrument in producing a sound. 

Hov does the ^^^' ^^'^^^ ^ general, being \)oiied in open ves^^ls, are 
prewnre of tho subjected to the pressure of the atmosphere. The tendency 
fS th?^*Stog 0^ *^ pressure is to prevent and rtrfard the partides ^f 
of Uquida? water from expanding to a eqfflcient extent to form steam. 

Hence if the pressure of the atmosphere varies, as it does at 
different times and places, or if it be increased or diminished by artificial 
means, the boiling point of a liquid will un^ofgq a corresponding change. 
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559. As we ascend into the atnx>sphere the pressore is # 



f emperauure at minished, becaose there ia less of it above ns ; it thereforo 

boiiB^be ^ftS fo^ws, that water at diflferent heights in the atmo^here will 

for determin- boil at different temperatures^ and it has been found bj ob- 

ing elevations? servation, that an elevation of 550 feet above the level of tbs 

sea causes a difference of one degree in its boiling point. Hence the boQicg 

point of water becomes an indication of the height of any station above the 

sea-level, or in other word% an indication of the atmospheric pressure ; and 

thus bj means of a kettle of boiling water and a thermometer, the heigbt of 

the summit of any mountain may be ascertained with a great degree of sj- 

curacy. If the water boils at 211*' by the thermometer, the height of tl.^ 

place is 550 feet ; if at 210°, the height is 1100 feet, and so on, it being onir 

necessary to multiply 550 by the number of degrees on the thermometer 

between the actual boiling point and 212^, to ascertain the elevation. In the 

city of Quito^ in South America, water boils at 194® 2'' F. ; its height abovo 

the sea-level is, therefore, 9,541 feet. 

As we descend into mines, the i^essure of the atmosphere is increased, thero 

being more of it above us than at the sur&ce of the earth. Water, therefore, 

must be heated to a higher temperature before it will boil, and it has been 

found that a descent of 550 feet^ as before, makes a difference of one degree. 

_ ,, 560. In a like manner, if by artificial means we increase or 

Uoir can tne •!...,», « , . , « ^ 

boiling point diminish the pressure of the atmosphere on the surface of a 

chang^^arti! ^^0^^ we change its boiling point If water be heated in a 
ficiaiiy? vacuum, ebullition wiU commence at a point 140^ lower than 

in the open air. If a vessel of ether be placed under the re- 
ceiver of an air-pump, and the atmospheric pressure removed from itssurfaco, 
the vapor rises so abundantly that ebuUition is produced without any in- 
crease of temperature. 

How is sugar Several beautiful applications in the arts have been made 
boiled in the of the principle that liquids boil at a lower temperature when 
SSng? ^ "' ^®^ ^^ *^® pressure of the atmosphere than in the open 
air. 

In the refining of sugar, if the sjrrup is boiled in the open air, the tempera- 
ture of the boiling point is so high that portions of the sugar become decom- 
posed by the excess of heat, and lost or injured; the syrup is therefore boiled 
in close vessels from which the air has been previously exhausted, and in tbis 
way the water of the syrup may be evaporated at a temperature so low as to 
prevent all injury firom heat. 

For cooking, this application could not be carried out The water might, 
indeed, be made to boil at a temperature much less than 212°, but owing to 
its diminished heat would not produce the desired effect 
What is distil- 561. Distillation is a process by which one 

uuon? ij^^y jg separated from another by means of 
heat, in cases where one of the bodies assumes the form 
of vapor at a lower temperature than the other ; this first 
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Fig. 208. 




rises in the form of vapor, and is received and condensed 
in a separate vessel. 

By this means veiy volatQe bodies can be easQy separated from less vola- 
tUo ones ; as brandy and alcohol from the less volatUe water which maj be 
mixed with them. Water of extreme purity can also be obtained by distil- 
lation, because the non-volatile and earthy substances contained in all spring 
waters do not ascend with the vapor, but remain behind in the vessel 

Distillation upon a small 
Fcalo is effected by means 
of a peculiar-shaped vessel, 
csOled a retort, Fig. 208, 
which is half filled with a 
volatile liquid and heated ; 
the steam, as it forms, 
passes through the neck of 
the retort into a glass re- 
cei ver set into a vessel filled 
with cold water, and is then 
condensed. 

When the operation of distillation is conducted on an extensive scale, a large 

vessel called a " aW* is used, and, for con- 
densing the vapor, vats are constructed, 
holding serpentine pipes, or '* worms," 
which present a greater condensing sur- 
face than if the pipe had passed directly 
through the vat To keep the coil of pipe 
cool, the vats are kept filled with cold 
water. In Fig. 209, a is a furnace, in which 
is fixed a copper vessel, or still, to contain 
the liquid. Heat being applied, the steam 
rises in the head, &, and passes through 
the worm, d^ which is placed in a vessel 
of water, the refrigerator. The vapor 
thus generated is condensed in its passage, and passes out as a liquid by the 
external pipe into a receiver, 
xxri. * t ^ The diff'erence between drymg by heat and distillation is. 

What IB tne , -, , *-,•,* ^ 

(difference be- that in One case, the substance vaporized, bemg of no use, is 
tureen drying ajiQ^g^j to escape or become dissipated in the atmosphere ; 
cUtiUation* whUe in the other, being the valuable part, it is caught and 
condensed into the liquid form. The vapor arising from damp linen, if caught 
and condensed would be distilled water ; the vapor given out by bread while 
bakmg, would, if collected, be a spirit like that obtained in the distillation of 
grain. 

562. As some substances, by the application of heat, pass 
directly from the solid condition to the state of vapor, so some 
substances, as camphor, sulphur, arsenic, etc., when vaporized 
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by bea^ deposit their oooadenfled rapors in a aolid foim. This process is 
termed sublimatioiL 

What remark. 563. OuQ of the most remarkable circum- 
•te^cellt^ fitaxKses whidi accompaoy the phenomena, 
^X^o^r^ ^*^ ^^ liqnefaction and vaporization, is the 
disappearance of the heat which has effected 
the change. 

How may this ^^ if a thermometer be applied to a masa of snow, or ico 
principle be fl- jnst upon the point of melting, it will be found to stand at 
iustnted? 32© Y. If the ice be placed in a vessel over a fire, and lJi<? 

temperature tested at the moment it has entirely melted, the water productd 
will have only the temperature of 32®, the same as that of the original ice 
Heat, however, during the whole process of melting, has been passing rapidly 
into the vessel from the fire, and if a quantity of mercury, or a solid of tbo 
same size, had been exposed to the same amount of heat, it would have con- 
stantly increased in temperature. It ia diear, therefore, that the con version of 
ice, a solid, into water, a liquid, has been attended with a disappearance of heat 

Again : if one pound of water, having a temperature of 174®, be mixed with 
one pound of snow at 32®, we shall obtain two pounds of water, having a 
temperature of 32®. AH the heat, therefore, which was contained in the 
hot water is no longer to be detected by the thermometer, it having been en- 
tirely used up, or disposed of in converting snow at 32® into water at 32°. 
Such disappearances always occur whenever a solid is converted into a liquid. 

If, however, a pound of water at 32*^, instead of ice at the same tempera- 
ture, had been mixed with a pound of water at 1 74®, we shaH. obtain two 
pounds at 103®, a temperature exactly intermediate between the temperatures 
of the components But if the ^jound at 32® had been solid instead of Hquid, 
then the mixture, as before explained, would have had a temperature or32°. 
It is evident, therefore, that it is the process of liquefaction, and it alone, which 
renders latent or insensible all that heat which is sensible when the pound 
of water at 32® ia liquid. 

In the same manner heat disappears when a liquid ia con- 
absorption of vertccTinto a vapor. The absorption of heat, in this instance. 
ration°bTren^ may be easily rendered perceptible to the feelings by pouring 
dered evident? a few drops of some liquid which readily evaporates, such as 
ether, alcohol, etc., upon the hand. A sensation of cold is inmiediately ex- 
perienced, because the hand is deprived of heat, which is drawn away to efTc. t 
the evaporation of the liquid. Gn the same principle, inflammation and fen r- 
ish heat in the head may be allayed by bathing the temples with Cologno 
water, alcohol, vinegar, eta 

If we surround the bulb of a thermometer loosely with cotton, and then 

moisten the latter with ether, the thermometer will speedily fall several degrees. 

.^ . Water when placed in a vessel over a fire, gradually at- 

Avny can not ^ «-«., •* ^ a j v, 

water impart tains the boiling temperature, or 212° ; but afterwaro, now- 

iftlr^boSing?' ever much wo may increase the fire, it becomes no hotter, all 
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the heat whidi is added serving onl7 to ccmyert the water at 212*' from a 
liquid condition into steam, or vapor, at 212°. 

564. If we immerse a thermometer in boiling water, it 
stands at 212^ ; if we place it in flteam immediately above it, 
it indicates the same temperature. We know, however, that 
0team contains more heat than boiling water, because if we 
mix an ounce of water at 212° with five and a half ounces of 
water at 32° we obtain six and a half ounces of water at a 

t:5mperatiire of about 60° ; but if we mix an ounce of rteam at 212° with five 
and a half ounces of water at 32°, we obtain six and a half ounces of water at 
212^. The steam, from wluch the increaaed heat is all derived, contains as 
much more heat than the ounce of water at the same temperature, as would 
be necessary to raise six and a half ounces of water Scorn the temperature of 
60O to 212° or six and a half times as much heat as would be requisite to 
raise one ounce of water through at|Out 152° of temperature. This quantity 
of heat will, therefore, be found by nraltipiying 152° by six and a half, 
which will give a product of 983° — the excess of heat contained in an 

steam at 212° over that contained in an ounce of boiling water at 

temperature. 

565. In the oonver^on of solids into liquids, and liquids into 
vapors by heat, we may suppose the heat, the solid, and the 
liquid to have respectively combined together; — ^forming a 
liquid in the one case, and a vapor in the other. A liquid, 
therefore, may be regarded as a compound of a solid and 

a vapor as a compound of heat and the liquid from which it was 
The heat which disappears in these combinations is called Latent, 
lUND Heat. 

The absorption of heat consequent on the conversion of 

miz- solids into liquids, has been taken advantage <^ in the arts for 

the production of artificial cold ; and the compounds of dif- 

sabstances whicdi are made for this purpose^ are called freezing mix- 

h does th '^^ ™°®* simple freezing mixture is snow and salt Salt 

Iktare of dissolved in water would occasion a reduction of temperature, 
Iuce*laten!w ^^* ^^®^ *^® chemical relations of two solids are such, that 
I? on mixing, both are rendered liquid, a still greater degree of 

cold is produced. Such a relation exists between salt and snow, or ice, and 
tiiercfore the latter substances are used in preference to water. When the 
tu'o are mixed, the salt causes the snow to melt by reason of its attraction 
for water, and the water formed dissolves the salt : so that both pass fit>m 
tiio solid to the liquid condition. If the operation is so conducted that no 
heat is supplied from any external source, it follows that the heat absorbed 
iii liquefaction must be obtained from the salt and snow which comprise the 
mixture, and they must therefore suffer a depression of temperature propor- 
tional to the heat which is rendered latent 
la this way a degree of cold equal to 40° below the freezing point of 
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How great a water may be obtained. The application of this experiment 
degree of cold to the freezing of icoKsreams is fiimiliar to aXL 

can be obtain- . . " j i t. • 'j x xi. • 

cd by freesing By mizmg snow and sulphnnc acid together m proper pro- 
mixtures t portions, a temperature of 90® below zero can be obtained 
without difficulty. 

Wh is theair ^® ^ ^ *^^ Spring of the year, when the ice and snow 
in spring eold are thawing, is always pecuUarly cold and chilly. This is due 
and chiUy ? to the constant absorption of heat from the air by the ice and 

snow in their transition fix^m a solid to a liquid state. 

A shower of rain cools the lur in summer, because the eai& 
showerinsam- and the air both part with Iheir heat to promote evaporation, 
mer cool the j^ ^ like manner, the sprinkling of a hot xxx)m with water 

cools it 
Why u the ^^ draining of a country increases its warmth, since bj 
warmth of a withdrawing the water, evaporation is diminished, and less 

country pro- , . , ** , « \ , 

moted by heat IS subtracted from the earth. 

draining? jt^Q danger arising fit>m wet feet and clothes is owing to 

Why do wet ^^ absorption of heat from the body by the evaporation from 
feet or clothes the surfaces of the wet materials ; the temperature of the body 
the health of ^ in this way reduced below its natural standard, and tiie 
the body ? proper circulation of the blood interrupted. 

566. The absorption of heat in the process by which liquids 
«??Te«Bel"oon- ^'^ converted into vapor, will explain why a vessel containing 
ttiining water a liquid that is constantly exposed to the action of fire, can 
fire d^oyed r i^^ver receive such a degree of heat as would destroy it A 
tin kettle containing water may be exposed to the action of 
the most fierce fiimace, and remain uninjured ; but if it be exposed, without 
containing water, to the most moderate fire, it will aooa. be destroyed. Tlie 
heat which the fire imparts to the kettle containing water is immediately ab- 
sorbed by the steam into which the water is converted. So long as water is 
contained in the vessel, this absorption of heat will continue ; but if any part 
of the vessel not containing water be exposed to the fire, the metal will be 
fused, and the vessel destroyed. 

667. When vapors are condensed into liq- 
circumsunces uids, and liquids are changed into solids, the 
become sen^- latent hcat Contained in them is set free, or 
made sensible. 

If water be taken into an apartment whose temperature is several degrees 
below the freezing point, and allowed to congeal, it will render the room sen- 
sibly warmer. It is, therefore, in accordance with this principle that tubs of 
water are allowed to fi^eze in cellars in order to prevent excessive cold. 

It is from this cause that oceans, seia, and other large collections of water 
are most powerfril agents in equalizing the temperature of the inhabited parts 
of the globe. In the colder regions, every ton of water converted into ice 
gives out and diSuses in the surroundmg region as much heat as would 
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raise a ton of water from 32*' to 1^4° ; and, on the other hand, when a rise 
of temperature takes place, the thawing of the ice absorbs a like quantity of 
hea-t : thus, in the one case, supplying heat to the atmosphere when the tem- 
perature falls; and, in the other, absorbing heat from it when the temperature 
rises. 

In the winter, the weather generally moderates on the &11 of snow ; snow 
is frozen water, and in its formation heat is imparted to the atmosphere, and 
its temperature increased. 

Steam, on account of the latent heat it contfdns, is well 

j^Bteam adapted for the warming of buildings, or for cooking. In 

^ted for passing through a line of pipes, or through meat and vegeta- 

*^^ bles, it is condensed, and imparts to the adjoiniug surfaces 

nearly 1000^ of the latent heat which it contained before 

ation. 

burns much more severely than boiling water, for the reason that 
; it imparts to any surface upon which it is condensed is much greater 
t of boiling water. 

i quantity 568. All bodies contain incorporated with 
5* %o^ them more or less of heat ; but equal weights 
^^ of dissimilar substances, having the same sen- 

ble temperature, contain unequal quantities of heat. 

Thus if we place a pound of water and a pound of mercury 
' demon- over a fire, it will be found that the mercury will attain to any 
ated? given temperature much quicker than the water. Or if we 

erform the converse of this experiment, and take two equal quantities of 
nercury and water, and having heated them to the same degree of tempera- 
allow them to cool freely in the air, it will be found that the water will 
quire much more time to cool down to a common temperature than the 
mercury. The water obviously contains more heat at the elevated tempera- 
ture than the mercury, and therefore requires a longer time to cool. 
Wh t is the ^^^' ^^^^^^^^ substances require, respectively, different 
meaning of the quantities of heat to raise theu* temperatures one degree ; and 
term specific ^jj^ quantity of heat necessary to produce this effect upon a 
body is termed its q)ecific heat. In like manner, the weight 
which a body includes under a given volume, is termed its specific gravity. 

570. A substance is said to have a greater 
stood bycapac- OF Icss capacitv for heat, according as a greater 
or less quantity of heat is required to produce 
a definite change of temperature, or an elevation of tem- 
perature of one degree. 

H d th ^^ general, the capacity of bodies for heat decreases with 

capacity for heat their density. Thus mercury has a less capacity for heat than 

SiSw wy?" ^^^^^ because its density is greater. Air that is rarefied, or 

thin, has a greater capacity for heat than dense air. This 
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cireamstaoce will explain, in part, the feason of the very low temperatores 
which exist at gr^t elevations in the atmosphere. Feracms ascending high 
mountains, or in baUoona^ find that the cold increases with the eleratbn. 
The reason of this is, that as the air expands and becomes rarefied, its capac- 
ity for heat increases, and therefore a lai^ge amount of heat is required to 
bring it up to a given temperature. 

. In aU quarters of the i^obe, the temperature of O^ air at a 

limit of per- cert^n height is reduced so low by its rare&otion, that water 
petualsnow? ^^ j^^^ ^^^ -^ ^ jj^^i^ ^^^^^ rj^ ^^^ ^^ j^^jgj^t ^f 

which varies, being the most elevated at ihB equator, and tine most depressed 
at the poles, is called the line of Perpetual Snow.'^ 

Air forcibly expelled from tiie mouth feels cool ; in this kistance ^e cold is 
due to a sudden expansion of the air, by which its capacU^ for beat is in- 
creased. 

The capacity for heat also increases with the temperaturoL Thu» it raqmres 
a greater amount of heat to elevate the temperature of platinum ^rom 212^ to 
2130, than from 320 to 330. 

Of all known bodies, water has the greatest capad^ ibr heat. 

There are several different ways by means of which the c»- 
c&Ujbv^ *^f P*"^^^ ^ bodies for heat may be determined. One method 
heat in differ- consistB in indosing equal weights <^ different bodies heated 
be M^SSned? ^ *^® "^^^ temperature, in closed cavities in a block of ice, 
and measuring the reQ)ectiv6 quantilaea of water which they 
produce by melting the ice. 

The same result may also be obtained by what is called the method of mix- 
tures. Thus, if we mix 1 pound of mercury at 66^ with 1 pound rf water at 
32°, the conmx>n temperature will be 33^. Here the mercury loses 33° and 
the water gains 1^; that is to say, the 33<^ of the mercury oxdy elevates the 
water 1^, thereforo the capacity of water for heat is 33 timeathat of mercury ; 
or, if we call the capacity or spedfio heat of water I, then the capacity or 
specific heat of mercury will be l-33d or .0333. 

In this way the capacities for heat of a great number of bodies has been 
determined, and tables constructed in which they are recorded. In these 
tables water is taken as the unit of comparison. 

All vapors are elastic, like air. 
dastidtyofya! Tho tendency of vapors to expand is unlini- 
^" ited ; that is to say, the smallest quantity of 

vapor win diffuse itself through every part of a vacant 
space, be its size what it may, exercising a greater or less 
degree of force against any obstacle which may have a 
tendency to restrain it. 

* Tbe Hne of perpetual mow at the equator ocears at a height of aboat 15,000 feet \ ti 
the Straits of Magellan, tt oocors at an elevation of only 4,000 feet. 
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The force with which a vapor expands is called its elastic 
force, or tension. 

The elasticity or pressure of vapors is best illustrated in the case ef steam, 
which may be considered as the type of all vapors. 

When a quantity of pure eteam is confined in a dose vessel, 
nerTs theTuSl ^^ elastic force will exert on every part of the interior of the 
tic force of yessel a certain pressure directed outward, having a tendency 

to burst the vesseL 
YTbMt is the When steam is generated in an open vessel its elastic force 
nt^m ^^ed °^^^ ^ equal to the elastic force or pressure of the atmos- 
itt Ml open vcB- phere ; otherwise the pressure of the air would prevent it firom 

forming and rising. Steam, therefore, produced fi-om boiling wa- 
ter at 212^ F., is capable of exerting a pressure of 15 pounds upon every square 
inch of surface, or one ton on every square foot, a force equivalent to the 
fltreng^ of 600 horses. 

now ma th If water be boiled under a diminished pressure, and there- 

eiasUc force of fore at a lower temperature, the steam which is produced from 
crcftMd^or S- ^ ^^ ^^ * pressure which is diminished in an equal de- 
minished? gree. I^ on the contraiy, the pressure under which water 

boils be increased, the boiling temperature of the water and 
the pressure of the steam formed will be increased in a like proportion. We 
have, therefore, the following rule : — 

To what is the 571. Stcam raised from water, hoiling under 
Bt^'tKSi^ any given pressure, has an elasticity always 
*^"**' equal to the pressure under which the water 

boils. 

H • tea Steam of a high elastic force can only be made in close ves- 

of high elastic sels, or boilers. The water in a steam-boiler, in the first in- 
foroegeneratedf stance, boils at 212®, but the steam thus generated bemg 
prevented from escaping, presses on the surface of the water equally as on 
the sur&ce of the bcnler, and therefore the boiling point of the water becomes 
higher and higher ; or in other words^ the water has to grow constantly hot- 
ter, in order that the steam may form. The steam thus formed has the same 
temperature as the water which produces it 

T vfaaf ^® temperature of the water in working steam-boQers is 

tent can water always much greater than 212°. It should also be borne in 
d^A^^nreT ™"^^ *^^* water, if subjected to sufficient pressure, can be 
heated to any extent without boiling. There is no limit to 
the degree to which water may be heated, provided the vessel is strong 
enough to confine the vapor ; but the expansive force of steam is so enormous 
under these circumstances, as to overcome the greatest resistance which has 
ever been exerted upon it 

If a boiler, containing water thus overheated many degrees beyond the 
boiling point, be suddenly opened, and the steam allowed to expand, the 

11 
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whole water is immediately^ blown oat of the Teasel as a mist by tho steam 
formed at the same instant throughout everj part of the mass. To use a 
common expression, " the water flashes into steam." 

. Steam, like water, may be heated to any extent when con- 

tent can steam fined and prevented from expanding with the increase of 
der preaaure?' temperature ; in some of the methods lately introduced for 
purifying oils, etc., the temperature of the steam, befi>re its 
application, is required to be sufficiently elevated to enable it to melt leati 

whatiasupcr- 572. Stcam which has been heated in a 
heated Steam? geparate State to a high degree of temperature 
under pressure, is known as "Superheated Steam/* In 
this condition its mechanical and chemical powers are 
wonderfully increased. 

In the manu&cture of lard on an extensive scale the carcass of the whole 
hog is exposed to the action of steam at veiy high pressure, this acting upon 
the mass of flesh and bones, breaks up and reduces the whole to a fat 
fluid mass. Ordinaiy steam, under the same cbcumstances, would dissoke 
nothing. 

Steam has also been recently applied to the carbonization of wood. For 
this purpose ordinary steam is conducted through red hot pipes, whereby it 
attains a very high degree of temperature. It is then allowed to pass into a 
vessel containing wood intended to be converted into charcoal The heated 
steam, penetrating into the pores of the wood, drives off the volatile portions, 
the water, the tar, eta, and leaves the pure carbon alone behind. 

What iB High- 573. Steam generated by water boiling at a 
presBuresteamf y^jy j^^gj^ tcmperaturc, is knowu as High- 
pressure Steam. By this term we mean steam condensed 
not by withdrawal of heat, but by pressure, just as high- 
pressure air is merely condensed air. To obtain a double, 
triple, or greater pressure of steam, we must have twice, 
thrice, or more steam under the same volume. 
What relation 574. The sum of the sensible heat of any 
Benribi^*^Md vapor, and the amount of latent heat contained 
latent heat? j^ j^^ jg always the same. 

It is an established &ct that the heat absorbed by vaporization is idways 
less the higher the temperature at which this vaporization takes place, and 
just in proportion also as vapor or steam indicates a lower temperature by tho 
thermometer, it contains more latent heat to the same quantity of water. 
Thus, if water boils at 312°, the heat absorbed in vaporization will be less by 
100° than if it boiled at 212°. And again, if water be boiled under a dimin- 
ished pressure at 112°, the heat absorbed in vaporization will be 100° more 
than the heat absorbed by water boiled at 212°. 
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SECTION IT. 

What Is a ^75. The Steam-Engine is a mechanical 
stena-B^ner contrfvance by which coal, wood, or other 
fuel, is rendered capable of executing any kind of labor.** 

Howmaebme. "'^^ substance which famishes the means of calling the 

chanicai force powers of coal into activity is water ; two ounces of coal, with 

^tto combS^ * P"^P®^ arrangement wiU evaporate about one pmt of water; 

wm of two this will produce 216 gallons of steam, which can exert a 

ooncetf of ooalf mechanical fiMrce equivalent to raising a weight of 37 tons to 

the hi^ht of one foot 

„ ^ ,. It has been found by experiment that the preatest amount 

Moir aces tne ._ ,., ,, ,.,. 

force of a man of force which a man can exert when applying his strength to 

S™Sr* ^n* ^® ^^^ advantage through the help of machinery, is equal to 
erated by the elevating one and a half millions of pounds to the height of 
Mmbnitton of ^^^^ ^^^ ^y. working on a treadmill continuously for eight 

hours. A well-constructed steam-engine will perform the 
same labor with an expenditure of a pound and a half of coal 

The average power of an able-bodied man during his active 
is equivalent to life, supposing him to work for twenty years at the rate of 
ttie whole ac- Qigjat hours per day, is represented by an equivalent of about 
a man? fouT tons of coal, since the consumption of that amount will 

evolve in a steam-engine, fiilly as much mechanical force. 
The great pyramid of Egypt is five hundred feet high, and weighs twelve 
thousand seven hundred and sixty millions of pounds. Herodotus states that 
in constructing it one hundred thousand men were constantly employed for 
twenty years. At the present time, with the consumption of 480 tons of 
coal, all the materials could be raised to their present position ih>m the 
ground in comparatively little time. 

What is th "^^ greatest work ever known to have been performed by 

greatest amount a steam-engine, was to raise sixty thousand tons of water a 
Sic^^BhSd' foot high with the expenditure of one bushel of coal. This 
by a steam- work was accomplished by one of the engines employed in 
®°«*°®' the mines of Cornwall, England. 

* ** Coals are by it made to sphi, weave, dye, print, and dress siilcs, cottons, woolens 
and other cloths ; to make imper, and print books npon it when made ; to convert corn 
into fionr; to eicpress oil from the olive, and wine from the grape; to draw np metals 
from the bowels of the earth; to ponnd and smelt it; to melt and mold it; to roll it 
and fashion it into every desirable form ; to transport these manifold products of its own 
labor to the doors of those for whose convenience they are produced ; to carry persons and 
goods over the waters of rivers, lakes, seas, and oceans, in opposition alike to the natural 
diAeidties of wind and water; to carry the wind-bound ship out of port, to place her on 
the <^;>en deep, ready to commence her voyage ; to transport over the surface of the sea 
and the land, persons and information from town to town, and from country to country, 
with a speed as much exceeding the ordinary wind, as the ordhiary whid exceeds that of 
a pedestrian.**— LonlfMr. 
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How IB tteam 576. Steam is rendered useful for mediaQ- 
fOT mechiinicia ical purposcs simply by its pressure, or elastic 

purposea. forCe. 

steam can not, like wind and water, be made to act advantageously by its 
impulse in the open air, because the momentum of so 
light a fluid, unless generated in vast quantities, would 
be inconsiderable. The first attempts, however, to 
employ steam as a moving power, consisted in diroct- 
ing a current of steam from the mouth of a tube agai&st 
the floats or vanes of a revolving wheel 

A machine of this kind, invented more than 2,000 
years ago by Hero of Alexandria, is r^yresented in 
Fig. 210. It consists of a small hollow sphere, for- 
nished with arms at right angles to its axis, and whoso 
ends are bent in opposite directions. The cohere 
is suspended between two columns, bent and pointed 
at their extremities, as represented in the figure : one 
of these is hollow, and conveys steam from the boiler 
below, into the sphere; and the escape of tho vapor 
firom the small tubes, by the reaction, produces a rotary motion. 

In order to render the pressure of steam practically availa- 
ble in machineiy, it is necessary that it should be confined 
within a cavity which is air-tight, and so constructed that its 
dimensions or capacity can be enlaiged or diminished without 
impairing its tightness. When the steam alters such a ves- 
sel, its elastic force pressing against some movable part, causes 
it to recede before it^ and from this movable part motion is conamunicaited to 
machinery. 

_ ^. The practical arrangement by which such a 

Hoir are these 5 ,. , ^ . ,_ v • v n 

conditions at- result IS accomplished is by havmg a hollow 

**^^' cylinder, A B, Fig. 211, with a movable piston, 

D, accurately fitted to its cavity. When steam under pressure 

in a boiler is admitted into the cyUnder below the piston, it ^ 

expands, and acting upon the under surface of the piston, 

causes it to rise, lifting the piston-rod along with it 

Suppose, as in Fig. 212, the cylinder to be connected at the 

bottom or side with a pipe, R, opening into a steam boiler, and 

on the other side with a pipe, B, terminating in a vessel of 

cold water. Suppose the valve in R to be open, and that 

in B to be shut; steam then passing into the cylinder fix)m 

the boiler will force the piston up to the top of the cylinder. 

Let the valve in R then be shut, and the valve in B be 

opened; the steam contained in the cylinder will pass out ' 

of the pipe B, and coming in contact with cold water, in 

the vessel connected with it, will be condensed, and a vacuum formed 



To render the 
pressure of 
steara availa- 
ble in machin- 
ery, what con- 
ditions are 
necessary t 
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FiQ. 212. beneath the piston. The pressure of 

the atmo3phere then acting upon tho 
other side of the piston, will drive 
it down. Tho position of the valves 
in R and B being reversed, the piston 
may be raised anew by the admis- 
sion of more steam, to be condensed 
in its turn, and in this manner tho 
alternate motion may be continued 
indefinitely. The alternating, or re- 
ciprocating motion of the piston, is 
converted, by means of a lever and crank attached to the top of the pis- 
ton-rod, into a rotary motion, suitable for driving-wheels, shafts, and other 
machinery. 

Such an arrangement as described constituted the first practical steam- 
engine. It received the name of the atmospheric engine, fi-om the fact that 
tho pressure of the atmosphere was employed to press down the piston after 
it had been elevated by the steam. 

What i« the 6'?'?. In modem engines, the pressure of the atmosphere is 

not employed to drive the piston down. The steam is ad- 
mitted into the cylinder above the pistooj at the same time 
that it is condensed or withdrawn fix>m below, and thus 
exerts its expansive force in the returning as well as in tho 
ascending stroke. 

This results in a great increase of power. By the condensation or with- 
drawal of the steam, a vacumn is created below the piston, and the steam 
admitted into the cylinder above the piston, fwoes it through the vacuum 
with an ease and rapidity far greater than would be possible if atmospheno 
or other resistance were to be overcome.* 

The withdrawal or condensation of the steam, in order to produce a vacuum 
cither above or below the piston, is accomplished by opening at the proper 
time a communication between the cylinder and a strong vessel situated at a 
distance from it, called the condenser. Into this vessel a jet of cold water is 
thrown, which instantly condenses tho steam, escaping from the bottom of the 
cylinder, into water. 



construction 
and operation 
of a condens- 
ing steam-en- 
gine? 



* " A proof of the extraordinary potrer obtained in this way, throngh Uie oomhastioii 
('f fuel, is presented in the following calculations :— One cubic inch of water is conrerti- 
Me into steanit of one atmospheric pressure, by 15^ grains of eoal* and this ezpanrion of 
the water into steam is capable of raising a weight of one ton the height of a foot The 
one cnbic inch of water becomes very nearly ooe eaMe foot of steam, m 1,788 enbic inches. 
IVhen a vacuum is produced by the condensation of this steam, a piston of one square 
i jch surface, that may have been lifted 1,728 inches, or 144 feet, wUl fall with a velocity of a 
heavy body rushing by gravity down a perpendicular height of 13,000 feci This would 
give the falling body a velocity, at the termination of its descent, eqnal to 1,900 feet i>er 
second, greater than that of the transmission of sound. From this we can fbrm some 
estimate of the strength of the tempest which alternately blows the piston in Its ^linder, 
when elastic steam of high-pressure is employed.**— i¥o/. H. D. Rogers, 
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A steam-en^e of this character is called a condensing steam-engine, be- 
cause the steam which has been emplojed in raising or depressing the piston 
is condensed, after it has accomplished its object, leaving a vacuum above or 
below the piston. It is also called a low-pressure engine, because, on ac- 
count of the vacuum which is produced alternately above and below the 
piston, the steam, in acting, does not expend any force in overcoming the 
pressure of the atmosphere. Steam, therefore, may be used under such condi- 
tions of low expansive force, or, as it is technically called, of " low-pressure." 

The practical construction of the 
piston and cylinder, and the ar- ^CJ. 213. ^^ 

rangement of pipes and valves by 
which the steam is admitted alter* 
nately above and below the piston, 
is fully shown in Fig. 213. The 
valves, which are of various forms^ 
are connected by levers with the 
machinery, in such a way as to 
open and close with great ac- 
curacy at exactly the proper mo- 
ment 

«rv X, vi V 6*? 8. In some 

What is a high- 

pressare en- engines, the appa- 
^°®^ ratus for condens- 

ing the steam alternately above 
or below the piston, is dispensed 
with, and the steam, after it has 
moved the piston from one end of 
the cylinder to the other, is al- 
lowed to escape, by the opening of 
a valve, directly into the air. To 
accomplish this, it is evident that 
the steam must have an elastic 
force greater than the pressure of 
the atmosphere, or it could not 
expand and drive out the waste 
steam on the other side of the piston, in opposition to the pressure of the air. 
An engine of this character is accordingly termed a " high-pressure" engine. 

High-pressure engines are generally worked with a pressure of from filly 
to sixty pounds per square inch of the piston ; of this pressure, at least fifteen 
pounds must be expended in overcoming the pressure of the atmosphere, and 
the surplus only can be applied to drive machinery. 

One of the most familiar examples of a high pressure engine is the loco- 
motive used on railroads. The steam which has been employed in forcing the 
piston in one direction is, by the return movement of the piston, forced out of 
the cylinder into the smoke-pipe, and escapes into the open air with irregular 
puflfii. 
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"WTiat are the 
adTantages and 
disadvantages 
of high-press- 
ure engines f 



latedf 



Sgh-pressore engines are generally used in all situations 
wbere simplicitj and lightness are required, as in the case of 
the locomotiye; also in situations where a free supply of 
water for condensation can not be readily obtained. As they 
use steam at a much higher pressure than the condensing en- 
gines, tiiey are more liable to accidents arising from explosions. High-press- 
ure engines are less expensive than low-pressure, since all the apparatus for 
condensiug the steam is dispensed with, the only parts necessary being the 
boiler, cylinder, piston, and valves. 

"When is steam ^*^^' ^^ ^ ^°* necessary in the steam-engine that the steam 
said to be used should flow continuously from the boiler into the cylinder 
*^^P*™*'**y' during the whole movement of the piston, but it may be cut 
off before it has frilly completed its ascent or descent in th^ cylinder. The 
steam already in the cylinder immediately expands, and completes the move- 
ment already begun, tiius saving a considerable quantity of steam at each 
movement Steam employed in this way is said to be used expansively. 

To cany out this plan to the best advantage, the 
expansive fi>rce of the steam must be greatly in- 
creased by working it under a high pressure. 

TF s-*t. 680. In many engines the supply " 

Howistnemo- _ , . ., ». i . '^^ " 

tion of steam- of steam to the cyhnder is regu- 
J^egu- lated by an apparatus called the 
Governor. This consists, as is rep- 
resented in Pig. 214, of two heavy balls, and G% 
connected by jointed rods, D D', with a revolvmg 
axis. A. When the axis is made to revolve rap- 
idly, the centriftigal force tends to make the balls 
diverge, or separate from one another in the same 
manner as the two legs of a tongs will fly apart 
when whirled round by the top. This divei^nce 
draws dovm the jointed rods, but a slower motion of the axis causes the 
balls, on the contrary, to approach each other, and thus push them \ip. 
These movements of the jointed rods in turn raise or lower the end of a bar, 
£, which acts as a lever, and moves a valve which increases or diminishes the 
quantity of steam admitted from the boilers into the cylinder — ^thus preserv- 
ing the motion of the engine uniform. 

In stationary engines, also, a large and heavy fly-wheel is often used, which 
by its momentum causes the machinery to move uninterruptedly, even if the 
pressure of steam be less at one point than at another * 

* Fig. 216 illastrates the principal parts of a condensing steam-engine and its mode of 
action. 

Upon the left of the figure Is the cylinder, irhich receives the steam from the boiler. 
A part of the side of the cylinder is cut away in order to show the piston, which mores 
alternately up and down according as the steam is admitted above or below it. By the 
rod A the piston transmits its alternating movements to the walking-beam, L, which is an 
enormous lever accurately balanced on its center, and supported by four columns. The 
walking-beam, L, communicates its motion by means of a connecting-rod, I, to the crank. 
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Fia. 215. 




581. Steam-boilers, whidi, although necessary to the generation of tbe 
power, are quite iudependent of the engine, are constructed of thick sheets 
of iron or copper, strongly riveted together. 

K, by irbich a rotary morement is communicated to the wheel, V ; from this the poirer 
faiay be applied by other wheels^ or by bands and pulleys, to effect different operations. 

At the left of the cylinder is an arrangement of valves and pipes, by which the steam is 
allowed to act alternately above and below the piston. After the steam has completed its 
action by forcing the piston to the extremity of the cylinder, it is necessary that it should 
bo withdrawn, and a vacuum formed in its place. In order to accomplish this, the steam, 
nfler having acted, is caused to pass into the cylinder, O, wliich contains cold water, and 
is termed the condenser. Here it is condensed, and a vacuum formed in the cylinder 
above or below the piston, as the case may be. 

As the cold water of the condenser becomes quickly heated by the condensed steam 
withdrawn from the cylinder, it becomes necessary to constantly withdraw the hot water 
and replace it by cold water, in order that the condensation of the steam may talce place 
as rapidly as possible. This is effected by means of two pumps ; the one, F M, which is 
called the " air-pump," which withdraws the hot water from the condenser, and with it 
any air that may be present either in the cylinder or the condenser; the other, H B, 
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What an tlie ^® eaaential reqiusites of a steam-bofler are, that it ahoidd 
essential req- posseas sufiScient Strength to resist the greatest pressure which 

?t^m'l>oUer?* ^ ®^®^ ^*^^® *^ ^^^ ^^^ *^® expanaon of the steam, and 
that it should offer a sufficient extent of sur&ce to the fire 
to instiro the requisite amount of yaponzatioo. In common low-pressure 
boilers, it requires about eight square feet of surface of the boiler to be ex- 
posed to the action of the fire and flame to boil off a cubic foot of water in an 
hour; and a cubic foot of water in its convertion into steam equals one- 
Lorse power. 

The strongest form for a boiler, and one of the earliest which was used, is 
tbit of a sphere; but this form is the one which offers least sur&ce to the 
lire. The figure of a cylinder is on many accounts the best, and is now ex- 
tjiisivoly used, especially for engines of high-pressure. It has the adyantage 
of being easily constructed from sheets of metal, and the form is of equal 
strength except at the end& In such a boiler the ends should be made 
thicker than the other parts. 

called the ** eoM-wstev pmnp," drawl from a irdl or river the eoM water to rapply th« 
place of the heated water withdrawn from the oondenser hy the air-pamp. There is also 
a third pomp, G Q, which is called the ** sapply** or " feed-pump,** heoanse it pumps ioto 
the boiler the hot water which the air-pomp withdraws from the condenser, thus econ- 
omizing the consumption of fuel. 

The yarioas parts of the engine (as shown In Fig. 215) are illustrated In detail hy the 
following deBcriptiye explanation :•— 

A — ^Pistoo-rod connected with the walldlng-heam, and transmitting to it the alternating 
movement of the piston. 

B, G, Df EU-Arrangements of levers and Joints, intended to guide and preserve the pis- 
ton-rod A in a perfectly rectilinear track during its up-and-down movements. 

F — Arm or rod of the air-pump, which removes the hot water and air from the con- 
denser. 

G — Rod of the " supply** or " feed-pump,** which supplies to the holler the hot water 
withdrawn from the eimdenser. 

H— Rod of the cold-water pump, which supplies the edd water neeessaiy for con- 
densation. 

I— Connecting-rod, which transmits the motion of the walklng-heam, L, to the eranh, K 

H — Cylinder of the idr-pump In communication with the condenser, O. 

O— Condenser filled with cold water, in which the steam after aetiog upon the piston la 
condensed. 

F— Piston, movable In the cylinder ; it receives directly the pressure of the steam upon 
the upper and lower surface alternate^, and traiMBiits its movements by means of the rod 
A to the rest of the machinery. 

S— Pipe conducting the hot water withdrawn from the oondenser to the boiler. 

T— Pipe discharging the cold water from the cold-water pump Into the condenser, (X 

TJ — Pipe conducting the steam from the t^Under, after tt has acted upon the piston, into 
the condenser. 

T— Fly-wheel, 

Z— Cocnecting-rod, which transmits the movements of the eeeentrle, e, through the 
kver, Y, to the valves, b. The eocentrio is a wheel fixed upon the crank-shaft, as seen 
at e. It is called an eccentric from the droumstanee of the wheel net being oonicentric, or 
having a common center with the crank-shaft upon which it is fixed. It beenmes, there- 
fore, a substitute for a short crank, and transmits a reciprocating movement to the rod 
Z, which is connected with the valves at h by the lever Y. These valves being alternately 
opened and closed by the movement of the rod Z, admit the steam alternately above or 
below the piston. 
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««- ^ . XI. A very great improvement was Fr(J. 216. 

vvnat IS tne «-.•,.., ^ j^. *. ^ 

construction of effected m the construction of steam- 
• flue-boiler? boilers by placing a cylindrical fur- 
nace within a cyluidrical boiler, thus surrounding the 
heated surfaces with water upon all sides. By this 
method, all the heat, except what escapes up the 
chimney, is conununicated to the water. Such boilers 
are known as " flue-boilers." Their general form and 
plan of construction are represented in Fig. 216. 

The requirements of a boiler suit- 
peculiarities of able for a locomotive are, that 

the greatest possible quantity of water should be evapo^ 
ated with the greatest rapidity in the least possible space. 
The quantity of fuel consumed is a secondary consideration, as this can be 
carried in a separate vehicle. The principle by which this has been accom- 
plished, and the invention of which may be said to have made the present 
railway system, consists in carrying the hot product of the fire through the 
water in numerous small parallel flues or tubes, thus dividing the heated 
matter, and as it were filtering it through the water to be heated. In this 
manner the sur&ces, by which the water and the beating gases communicate, 
are immensely increased, the whole having a resemblance to the mechan- 



a locomotiTe- 
boiler? 



Fig. 21*7. 



ism of the lungs of animals, in 
which the air and the blood are 
divided and presented to each 
other at as many points, and 
with as little intervening matter 
between them, as is consistent 
with their separation. Fig. 21*7 
represents the interior of the fire- 
box of a locomotive, showing 
the opening of the tubes, which 
extend through the whole length 
of the boiler, and are surrounded 
with water. The smoke and 
other products of combustion pass 
through these tubes, and finally 
escape up the smoke-pipe. It 
will be further observed by tho 
examination of the figure that 
the fire-box is double-walled, or rather walled and roofed with a layer of 
water, leaving only the bottom vacant, which receives the grate-bars. 

582. The safety-valve is generally a conical lid fitted 

safety-valve. ^^^ t^© boiler, and opening outward ; it is kept down by a 

weight, acting on the end of a lever, equal to the pressure 

which the boiler is capable of sustaining without danger fi^om the steam 

generated withm. If the amount of steam at any tune exceeds the pressure, 
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Pig. 218. 




How does a 
dimimitioQ of 
▼Bter in boil- 
era offten oc- 
cadon esplo- 
sions? 



it overoomes the resistance of 
the weight, lifts the valve, and 
allows the steam to escape. 
When safi&cient steam has 
escaped to diminish the pres- 
sure, the valve falls back into 
its place, and the boiler is as 
tight as if It had no such opening, 
rig. 218 represents the ordinary construction of the safety-valve. 

683. The explosion of steam-boilers, when the 8afety-vah3 
is in good condition and working order, is sometimes inex- 
plicable ; but explosions often result from the engineer allow- 
ing the water to become too low in the boilers. When this 
occurs, the parts of the boiler which are not covered with 
water, and are exposed to the fire, become highly overheated. If, in this 
condition, a firesh supply of water is thrown into the boiler, it comes suddenly 
into contact with an intensely-heated metal sur&ce, and an immense amount 
of steam, havmg great elastic force, is at once generated. In this case the 
boiler may burst before the inertia of the safety-valve is overcome, and the 
stronger the bofler the greater the explosion. 

What is a ^^' ^® degree of pressure which the steam exerts upon 
Bteam-gaagef the interior of the boiler, and which is consequently avail- 
able for working the engine, is indicated by means of an instrument called 
the "steam" or " barometer-guage." It 
consists simply of a bent tube. A, 0, D, 
E, Fig. 219, fitted into the boiler at one 
end, and open to the air at the other. 
The lower part of the bend of the tube 
contains mercuiy, which, when the pres- 
sure of steam in the boiler is equal to 
that of the external atmosphere, will 
stand at the same level, H R, in both legs 
of the tube. When the pressure of the 
steara is greater than that of the atmos- 
phere, the mercury is depressed in the 
leg C D, and elevated in the leg D E. A 
scale, G, is attached to the long arm of 
the tube, and by observing the difference 
of the levels of the mercury in the two 
tubes, the pressure of the steam may 

be calculated. Thus, when the mercury is at the same level m both 
legs, the pressure of the steam balances the pressure of the atmosphere, 
and is therefore 15 pounds per square inch. If the mercury stands 30 
inches higher in the long arm of the tube, then the pressure of the steam 
is equal to that of two atmospheres, or is 30 pounds to the square inch, and 
so on. - 



Fia. 219. 
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„ ,^ As the presstire of steam increases with its temperatorei tbe 

ITow can the ^, . . «.^. t m i »r i «_ 

pressure of pressure upon the mtenor of the boiler may also be known bjr 

steam be in- means of a thermometer inserted into the boiler. Thus it has 

alcated oy a « » » 

thermometer? been ascertained that steam at 212° balances the atmosphere, 

or exerts a pressure of 15 pounds per square inch ; at 250^, 

30 pounds ; at 276°, 45 pounds; at 294°, 60 pounds, and so on. 

^ ... xi- 585. The steam-whistle attached to locomotive and other 

Describe the . . , , , • ^i _^ ^ . * 

steam-whistle, engines is produced by causing the steam to issue from a 

narrow circular slit, or aperture, cut in the rim of a metal eap; 

directly over this is suspended a bell, formed like the b^ of a dock. The 

steam escaping from the narrow aperture, strikes upon the edge or rim of the 

bell, and thus produces an exceedingly sharp and piercing sound. Tbe size 

of the concentric part whence the steam escapes, and the depth of the bell 

part, and their distance asunder, regulate the tones of the whistle ih>m a 

shrill treble to a deep bass. 

SECTION V. 

WABIIINQ AND VENTILATION. 

Upon what 586. In the wanning and ventilation of ^ 

th^'^waining tuildings, the entire process, whatever expe-^ 
Sf'^'^uudin^ dients may be adopted, is dependent upon the » 
depend? expansion and contraction of air ; or in other ^ 

words, upon the fact that air which has been heated and \ 
expanded ascends, and air which has been deprived of 
heat, or contracted, descends. 
What is ven- 587. Ventilation is the act or operation of 

tuation? causing air to pass through any place, for the 
purpose of expelliog impure air and dissipating noxious 
vapors. 

The theoretical p^ection of ventilation is to render it impossible for any 
portion of air to be breathed twice in the same place. 
Where is ea- ^^ *^® ^^^ ^* ventilation is perfect, because the breath, as 
tiiation perfect ? it leaves the body, is warmer and lighter than the surroTflid- 
ing fresh air, and ascending, is immediately replaced by an 
ingress of fresh air ready to be received by tiie next respuration. 
Why is air Common air consists of a mixture of two gases, oxygen and 
once respired nitrogen, in the proportion of one fifth oxygen to four fifths 
unwholesome? nitrogen. By all the forms of respiration or breathing, and 
of combustion, the quantity of oxygen in atmospheric air is dimisished and 
impaired, and to exactly the same extent is air rendered unwholesome and 
unsuitable to supply the wants of the animal system. 
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Ibj ft healthy 



It IS calculated that a fbll-grown person of average size ab- 
sorbs alxHit a cubic loot of oxygen per hour by respiration, 
and consequently renders five cubic feet of air unfit for breatli- 
ing, since every five cubic feet of air contain one cubic foot of 
otxygen. It is also calculated that two wax or sperm candles 
absorb as nroch oxygen as an adult. 

To render the air of a room perfectly pure, five cubic feet of fresh air per 
hour, for eaeh person, and two and a half cubic feet for each candle, should 
be allowed to pass in, and an equal quantity to pass out 

In what man- ^88. From evcrj Ixeated substance, an up- 
Sf *S32tiS^ ward current of air is continually rising. 

generate a cur- The existence and force of this upward current maybe 
"°* shown in the case of an ordinary stove, by attaching to the 

tide of the pipe a wire on which a piece of thick paper cut in the form of a 



spiral is suspended, as is represented in Fig. 220. The 

upward current of hot air striking against the surfaces 

of the cdl causes it to revolve rapidly around the wire. 

,^ _^ Apart firom the consideration of con- 

Why are atovea . .^ . ^ ^ X J 

aud grates venience, it is necessary that stoves and 
plao^ near the gyatea, intended for warming, should be 
located as near to the floor of the room 
as posahle ; since the heat of a fire has very little ef- 
fect upon the ur of an apartment below the levd of 
the surface upon which it is placed. 

doM ^^^' ^^®^ a fire is lighted in a stove 

nsJca aacead or grate to warm a room, the smoke 
la a chimney ? ^^^^ q^q^ gaseous products of combus- 

FiO. 221 



FlO. 220. 





tion, being lighter than the air of the room, 
ascend, and soon fill the chimney with a 
column of air lighter, bulk for bulk, than 
a column of atmospheric air. Such a col- 
umn, therefcffCy will have a buoyancy 
proportional to its relative lightness, as 
c(»npared with the external air and the 
air (^the apartment 

The upward tendency of a column of 
heated air constitutes the draft of a chim- 
ney, and this draft will be strong and ef- 
fective just in the same proportion as tbo 
column of air in the chimney is kept 
warm. 

Fig. 221 represents a section of a grate 
and chimney. D represents the light 
and warm column of air within the chim- 
ney, and A B the cold and heavy column 
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of air outside the chimney. The column A B bemg cold and heavy presses 
down, the column G J) being-light and warm rushes up, and the greater liie 
difference between the weight of these two columns, the greater will be the 
draft. 

A chimney quickens the ascent of hot air by keeping a long 
chimneyquick- colun^i of it together. A column of two feet high rises, or is 
eu the ascent pressed up, with twice as much force as a column of one 
bot*air "°*'*^ foot, and BO in proportion for all other l^igths— just as tw» 
or more corks, strung together and immersed in water, tend 
upward with proportionably more force than a single cork. 

In a chimney where a column of hot air one foot in height is one ounce 
lighter than the same bulk of external cold air, if the chimney be one hun- 
dred feet high, the air or smoke in it is propelled upward with a force of one 
hundred ounces. 

To what is the ^^ *^® ^^ ^® Sufficiently hot, the draft of 
cwSney**V<^ the chimney will be proportional to its length. 

portionai ? y^j. ^y^ reason, the chimneys of laige manufacturing estab- 

lishments are generally very high. 

How should a A chimney should be constructed in such 
contracted f a way^hat the flue or passage will gradually 
contract from the Dottom to the top, being widest at the 
bottom, and the smallest at the top. 

Wh h uid a "^^ reason of this will be evident fixan the following con- 
chimney be siderations: — ^At the base of the chimney, the hot column of 
thrs*S5^?° expanded air fills the entire passage ; but as the hot air 
ascends it gradually cools and contracts, occupying less space. 
I^ therefore, the chimney were of the same size all the way up, the tendency 
would be, that the cold external air would rush down to fill up the space left 
by the contraction of the hot column of air. This action would still further 
cool the hot air of the chimney and diminish the draft. 

Some persons suppose that a chimney should be made larger at the top than 
at the bottom, because a column of smoke ascending in the open air, ex- 
pands or increases in bulk as it goes up. This, however, is owing, in great 
part, to the action of currents in the air, and to the &ct, that a column of 
smoke freely exposed to the air, is more rapidly cooled than in a chimney, 
and losing its ascensional power, tends to float out laterally, rather than 
ascend perpendicularly. 

The causes of " smoky chimneys" are various, 
d^cumstances* -^ chimney may smoke for want of a sufficient supply of 
will a chimney air. If the apartment is very tight, firesh air J&om without 
^^^ ® yj^ not be admitted as fest as it is consumed by the fire, and 

in consequence a current of air rushes down the chinmey to supply the defi- 
ciency, driving the smoke along with it. 

A chimney will ofi^n smoke when the heat of the fire is not sufficient to 
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rarefy aU the air in the chimney ; in such cases the cold air (condensed in the 
tipper part of the flue) will sink irom its own weight, and sweep the ascend- 
ing smoke back into the room. 

When the fire is first lighted, and the chimney is filled with cold air, thero 
is often no draft, and consequently the flame and smoke issue into the room. 
This, in most cases, is remedied by the action of a *' blower.'* 

A blower is a sheet of iron that stops up the space above 
Meof« Sower? *^® 8^^*® ^^^ ^^*^ prevents any air from entering the chim- 
ney except that which passes through the fiiel and produces 
combustion. This soon causes the colunm of air in the chimney to become 
heated, and a drafi; of considerable force is speedily produced through tho 
fire. The increase of draft increases the intensity of the fire. 

Another frequent cause of smoky chunneys is, that when the tops are 
commanded by higher buildings, or by a hUl, the wind in blowing over them, 
Ms like water over a dam, and beats down the smoke. The remedy in such 
cases is, either to increase the height of the chimney, or to fix a bonnet or 
cowl upon the top. The philosophy of this last contrivance consists in the fact 
that in whatever direction the Tifdnd blows, the mouth of the chimney is 
averted fix)m it 

_^ In a room artificially heated, there are al- 

What 18 Che ^ ^ /» • r I, 1. - n 

motion of the ways two currents oi air ; one oi not air now- 
artifidauy^™ Ing out of the room, and another of cold air 
flowing into the room. 
If a candle be held in the doorway of such an apartment, near the floor, it 
will be found that the flame will be blown inward ; but if it be raised nearly 
to the top of the doorway, the flame will be blown outward. The warm air, 
m this case, flows out at the top, while the cold air flows in at the bottom. 

^ ^ 690. An open flre-plaoe differs greatly torn a close stove 

How does a . . ^ ^m • • v xi. /« j 

stove differ m respect to ventilation, masmuch as the former warms and 

from an open ventilates an apartment, while the latter only warms, and can 
respect to ven- hardly bo said to contribute at all to the ventilation. In a 
tiiation? ^^^^^ stove, no air passes through the room to the flue of 

the diimney, except that which passes through the fuel, and the quantity 
of this is necessarily limited by the rate of combustion maintained in the 
stove. In an open fire-place, a large amount of air is continually rushing up 
the chimney through the opening over the grate, irrespective of what passes 
tlirough the fire and maintains combustion. 

In summer time, when no fire is made in the chimney, the column of air 
iu it is generally at a higher temperature than the external air, and a current 
will therefore in such case be established up the chimney, so that the fire- 
place will still serve, even in the absence of fire, the purposes of ventilation. 
In very warm weather, however, when the external air is at a higher tem- 
perature than the air within tho building, the effects are reversed ; and the 
air in the chiomey being cooled, and therefore heavier than the external air, a 
downward current is established, which produces in the room the odor of.soot 
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Why are open 
fire-places ill 
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Tig. 222 represents the lines of the currents descend- 
ing the chimney and circulating round an apartment. 
How is a room ^ ^^^ ^ ^®^ ventilated by opening 
the upper sash of a wmdow; because 
the hot vitiated air (which always as- 
cends toward the ceihng) can thus escape more easily. 
If the lower sash of the window be also partially opened, 
a corresponding current of cold air, flowing into the 
room, is created, and ventilation will be so effected more 
perfectly. 

Open fire-places are 01 adapted for the 
economical heating of apartments, be- 
cause the air which flows from the room 
to the fire becomes heated, and passes 
off directly into the chimney, without having an oppor- 
tunity of parting with its heat for any usefiil purpose. 
In addition to this, a quantity of the air of the room, 
which has been warmed by radiation, is uselessly carried 
away by the draft. 

^^ The advantages of a stove over an 

What are the ^ ■, - « 

advantages and ^^^ fire-place are as follows : 
disadvantages 1. Bebg detached firon the walls of j 

of storesf ., ° ^ ./..,,' 

the room, the greater part of the heat 

produced by combustion is saved. The radiated heat 
being thrown mto the walls of the stove, they become hot, and in turn radi- 
ate heat on all sides of the room. The conducted heat is also received by 
successive portions of the air of the room, which pass in contact with the 
stove. 

2. The air being made to pass through the fuel, a small supply is sufi^- 
cient to keep up the combustion, so that little need be taken' out of the 
room; and 

3. The smoke, in passing off by a pipe, parts with the greater part of its 
heat before it leaves the room. 

Houses warmed by stoves, as a general rule, are ill-ventilated. The air 
coming in contact with the hot metal sur&ces is rendered impure, which im- 
pnritj' is increased by the burning of the dust and other substances which 
settle upon tlie stove. The air is, in most cases also, kept so diy as to ren- 
der it oppressive. 

591. The method of wannmg houses by the common hot- 
air furnace is as follows i — A stove, having large radiating sur- 
faces, is inclosed in a chamber (generally of masonry). This 
chamber is frequently built with double walls, that it may be 
a better non-conductor of heat. A current of air from with- 
out is brought by a pipe or box, and delivered under the stove. A part of 
this air is admitted to supply the combustion ; the rest passes upward in the 
cavity between the hot stove and the walls of the brick chamber, and, after 
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becoming thoroughly heated, is conducted through passages in which its light- 
ness causes it to ascend, and he delivered in any apartment of the house. 
What two ^ *^® construction and arrangement of a furnace for heat- 

points are of ing, the two points of special importance are, to secure a per- 
aS^i tKi"- ^^ combustion of the fuel, and the best possible transmission 
struetionoffUr- of all the heat formed, into the air that is to pass into the 
"*^ * rooms of the house. 

The first of these requisites is obtained by having a good draft and a fire- 
box which is broad and shallow, so that the coal shall form a thin stratum 
and bum most perfectly. 

The second requisite is obtained by providing a great quantity of surface 
in the form of pipes, drums, or (flinders, through which the smoke and hot 
gases must pass on their way to the chimney, and to which their heat will bo 
imparted, to be in turn delivered to the cold and pure air of the rooms of 
fho house. 

What is the ^^^* ^® great advantages of heating by steam are, that 
advantage of the heat can be communicated for a great distance in any di- 
^^^f ^^ rection — ^upward, downward, or horizontally. As the tem- 
perature of the heating sur&ces, when low-pressure steam is 
used, never exceeds 212^ F., the air in contact with them is never contami- 
nated by the burning of dust, or the abstraction of oxygen. 

Under favorable circumstances, one cubic foot of boiler will heat about 
two thousand cubic feet of suitably inclosed space to a temperature of '70^ to 
80° F. 

What ifl fuel? ^^^' ^® ^ppiy ^^^ *®"^ ^^^^ *^ ^^y ^^^" 

stance which serves as aliment or food for fire. 
In ordinary language we mean by fuel the peculiar sub- 
stance of plants, or the products resulting from their de- 
composition, designated under the various names of wood, 
coal, &c. 

,^ , In recently cut wood, from one fifth to one half of its wei^t 

What propor- . / ,, , ^.j-^v-r* 

tion of the IS water ; after wood has been dried m the air for ten or 

J^Jehtofwood twelve months, it will even then eontam from 15 to 25 per 

cent, of water. 

The amoont of moisture in wood is greatest in the spring and summer, when 

the sap flows fireely and the influence of vegetation is the greatest Wood, 

therefore, is generally cut in the winter, because at that season there is but 

little sap in the tissues, and the wood is drier than at any other period. 

Woods are designated as hard and soft. This distmction is 

l^f^I^M grounded upon the fecility with which they are worked, and 

hard and soft? ^^^ ^ijeip power of producing heat. Hard woods, as the 

oak, beech, walnut, elm, and alder, contain m the same bulk more solid fiber, 

and their vessels are narrower and more closely packed than those of the 

softer kinds, such as pine, larch, chestnut, etc. 

12 
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What is the 594. The weight of wood varies greatly ; 
weT^fwood? fr<>™ forty-four hundred pounds in a cord of 
dry hickory, to twenty-six hundred in a cord 
of dry, soft maple. 

What is the ^95. For fuel, the most valuable of the com- 
^iie*o?wood ™o^ kinds of wood are the varieties of hickory; 
far fuel? gf^gj. jji^^t, iu Order, the oak, the apple-tree, 

the white-ash, the dog-wood, and the beech. The woods 
that give out the least heat in burning are the white^pine, 
the white-birch, and the poplar. 

, ,. ^. ^, 596. The remark is sometimes made that " it is economy to 

Is it profitable l 

to born green hviiu green wood, because it is more durable, and thereforo 

irood? in the end more cheap." This idea is erroneous. The con- 

sumption of green wood is less rapid than dry, but to produce a given aooount 
of heat, a &r greater amount of fuel must be consumed. 

The evaporation of liquids, or their conversion into steam, consumes or ren- 
ders latent a great amount of caloric. When green wood or wet coal is added 
to the fire, it abstracts from it by degrees a sufficient amount of heat to con- 
vert its own sap or moisture into steam before it is capable of being bnmcd 
As long as any considerable part of this fluid remains unevaporated, tho 
combustion goes on slowly, the fire is dull, and the heat feeble. 

,,^ , 69*1. Coal and hard wood are not readily ignited by the 

Why are coal ,, „ , ^ ^ ^x^ . "; .^ ., 

and hard woods blaze of a match, because on account of their density they are 

^ite^'^with ^a rendered comparatively good conductors, and thus carry oflf 

nuitchr the heat of the kindling substance, so as to extinguish it, 

before they themselves become raised to the temperature 

necessary for combustion. 

Light ftiel, on the contrary, being a slow conductor of heat, kindles easily, 

and, firom the admixture of atmospheric air in its pores and crevices, bums 

out rapidly, producing a comparatively temporary, though often' strong heat 



CHAPTER XIII. 

METEOROLOGY. 



What is Me- ^^8. METEOROLOGY is that department of 
teoroiogyf physical Bcience which treats of the atmos- 
phere and its phenomena, particularly in its relation to 
heat and moisture. 

599. By climate, we mean the condition of a place in 
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-What do ve relation to the various phenomena of the at- 
S^dS^tl?* niosphere, as temperature, moisture, etc. Thus, 
we speak of a warm or cold climate, a moist 
or dry climate, etc. 

How is the 600. The mean or average temperature of 
SJS?ftf?S!^ the day is found by observing the thermometer 
found r j^ij fixed intervals of time during the twenty- 

four hours, and then dividing the sum of the tempera- 
tures by the number of observations. 

At iiat tim I^ni such a series of observations it has been found that 

is the tempo- the lowest temperature of the day occurs shortly before sun- 
S*°SehiLhMt ™®» ^^^ *^® highest a few hours after 12 at noon, somewhat 
and lowest 1 later in summer and somewhat earlier in winter. 

The mean annual temperature of any par- 
ticular location is found by taking the average of all the 
mean daily temperatures throughout the year. 

The mean daily temperature of any place seems to vary in a reg^ar and 
constant manner, while the mean annual temperature of the same location is 
yery nearly a constant quantity. Thus, by long observations made in Phil- 
adelphia, it has been found that the mean daily temperature of that locality is 
one degree less than the temperature at 9 o'dock, A. ii., at the same place ; 
while the mean annual temperature of Paris varied only 49 in thirteen years. 

All the results of observation seem to show that the same quantity of heat 
is always annually distributed over the earth's sur&ce, although unequally — 
that is to say, the average annual temperature of each place upon the earth's 
surface is very nearly the same. In our latitude, July is on the average tho 
hottest month, and January the coldest ; and in reference to particular days, 
we may on an average consider the 26th of July as the hottest, and the 14th 
of January as the coldest day of the year for the temperate zone of the north- 
em hemisphere. 

iioirdoestein- The average annual temperature of the at- 
w1th*ttfe u2 mosphere diminishes from the equator toward 
^"^•^^ either pole. 

At tlie equator, in Brs^ the average annual temperature is 84^ Fahren- 
Iicit's thermometer; at Calcutta, lat 22^ 35' K., the annual temperature is 
780 F. ; at Savannah, lat. 32° 5' N. the annual temperature is 66° P. ; at 
London, lat 51° 31^ N., the annual temperature is 50° F. ; at Melville 
Island, lat 74^ 4*7' N., the average annual temperature is 1° below zero. 
n^Tv 1 * *^ 601. If the whole sur&ce of the earth were covered by 

temperatare of Water, or if it were all formed of sohd plane land, possessmjg 
fne^^|*wme ®veryv^®re the same character, and having an equal ca- 
Utttode alike ? paci^ at all places for absorbing and again radiating heat, the 
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temperature of a place would depend only aa its geographical latitade^ and 
consequently all places having the same latitude would have a like elimata 
Owing, however, to various disturbing causes, such as the elevation and form 
of the land, the proximity of the sea, the direction of the winds, etc., p^es 
of the same latitude, and comparatively near each other, have very difierent 
temperatures. 

In warm climates the proximity of the sea tends to diminish the heat ; in 
cold climates, to mitigate the cold. Islands and peninsulas are wanner than 
continents ; bays and inland seas also tend to raise the meau temperature. 
Chains of mountains which ward off cold winds, augment the temperature; 
but mountains which ward off south and west winds, lower it A sandy soil, 
which is dry, is warmer than a marshy soil, which is wet and subject to great 
evaporatioEu 

602. Air absorbs moisture at all tempera- 
capacitrjr of air tures^ and retaiDS it m an invisible state, 
are This powcr of the air is termed its capacity 
for absorption. 

The capacity of air for moisture increases with the tem- 
perature. 

A volume of air at 32® can absorb an amount of moisture equal to the hun- 
dred and sixtieth part of its own weight, and for every 27 additional degrees 
of heat, the quantity of moisture it can absorb at 32** is doubled. Thus a body 
of air at 32° F. absorbs the 160th part of its own weight ; at 59o F., the 80th ; 
at 86° F., the 40th ; at 113° F., the 20th part of its own weight in moisture. 
It follows from this that while the temperature of the air advances in an arith- 
metical series, its capacity for moisture is accelerated in a geometrical series. 
When is air ^^^ ^^ Said to bc Saturated with moisture 
Sted?'** '**°" when it contains as much of the vapor of water 
as it is capable of holding with a given tem- 
perature. 

We say that air is dry when water evaporates quickly, or any wetted sur- 
fkoe dries rapidly ; and that it is dan^ when moistened surfaces dry slowly, 
or not at all, and the slightest diminution of temperature occasions a deposit 
of moisture in the form of mist and rain. These expressions do not, however, 
convey altogether a correct idea of the condition of the atmosphere, since air 
which we term " dry," may contain much more moisture than that which wo 
distinguish as " damp." For indicating the true condition of the atmosphere 
in reference to moisture, we therefore use the terms " absolute" and " relative" 
humidity. 

When we speak of the absolute humidity of the air, wo 

byabsoiate^nd ^^^® reference to the quantity of moisture contained in a ^ven 

reiatiye humid- volume. By relative humidity, we refer to its proximity to 

^ saturation. Eelative humidity is a state dependent upon tho 

mutual influence of absolute humidity and temperature ; for a given volume 
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of air may be made to pass fcom a state of dampness to one of extreme diy- 
ness, by merely elevating its temperature, and this, too, without altering the 
amount of moistare it contains in tiw least degree. 

What are .Hy- Instruments designed for measuring the 
srometers? quantity of moisturc contained in the atmos- 
phere, are called Hygrometers.* 

jj . . Many organic bodies have the property of absorbing vapor, 

principle are and thus increasing their dimensions. Among such may be 
oSra^iSr mentioned hair, wood, whalebone, ivory, etc. Any of these 
connected with a mechanical arrangement by which the 
change in volume might be registered, would furnish a hygrometer, 

A lai^e sponge, if dipped hi a solution of salt, potash, soda, or any other 
substance whic^ has a strong attraction for water, and then squeezed almost 
dry, will, upon being balance in a pair of scales suspended from a steady 
support, be found to preponderate or ascend according to the relative damp- 
ness nr dryness of the weather. 

The beard of the wild oat may also serve as a hygrometer, as it twists 
around, during atmospheric changes boax dampness to diyness. 

If we fix against a wall a long pieoe of catgut, and hang a weight to the 
end of it, it wiU be observed, as the air becomes moist or diy, to alter in 
length ; and by marking a scale, the two extremities of which are determined 
by observati<Mi when t^e air is very dry, and when it is saturated with moist- 
ure, it will be found easy to measure the variations. 

^ .^ ,, An instrumenit called liie" Hair Hygrom- 

Describe the ^ „ . _^ ^ _ ^u- • • -T ^j. 

*'Hair Hy- eter," IS Constructed upon this prmciple. It 

giometer." consists of a human hair, fostened at one 

extremity to a iscrew (see Fig. 223), and at the other pass- 
ing over a pulley, being strained tight by a silk thread and 
weight, also attached to the pulley. To the axis of the 
pulley an index is attached, wMch passes over a graduated 
scale, so that as the pulley turns, through the shortening or 
lengthening of Che hair, the index moves. When the in- 
strument is in a damp atmosphere, the hair absorbs a con- 
siderable amount of vapor, and is thus made longer, whUe 
in dry air it becomes shorter; so that the index is of 
course turned alternately ftom one side to the other. 

The instrument is graduated by first placing it in au* ar- 
tificially made as dry as possible, and the pomt on the 
scale at which the index stops under these circumstances, 
is the point of greatest dryness, and is marked 0. The 
hygrometer is then placed in a confined space of air, which 
is completely saturated with vajwr, and under these cir- 
cumstances the index moves to the other end of the scale : 
this point, which is that of greatest moisture, is marked 

• Hygrometer, from the Greek words vypos (moist) snd nsrpov (measare). 



Fig. 223. 
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100. The interyemi^ space is then divided into 100 equal parts^ vhidi 
indicate different degrees of moisture. 
Such hydrometers are not, however, oonsidered as altogether reliable. 

SECTION I. 

PHENOMENA AND PRODUCTION OF DEW. 

What is Dew? ^^^' ''^^^ ^® *^® moistiire of the air con- 
densed by coming in contact with bodies colder 
than itself. 

What i8 the 604. The temperature at which the conden- 
Dew-Pointf sation of moisture in the atmosphere com- 
mences, or the degree indicated by the thermometer at 
which dew begins to be deposited, is called the " Dew- 
Point." 

Is the dew- ^^ P^"^* ^ ^^ ^® means constant or inYariable, since dew 
point a con- IS only deposited when the air is saturated with vapor, and 
stant one ? ^Ijq amount of moisture required to saturate air of high tem- 

perature is much greater than air of low temperature. 

If the saturation be complete, the least diminution of temperature is at- 
tended with the formation of dew ; but if the air is dry, a body must be 
several degrees colder before moisture is deposited on its sur&ce ; and indeed 
the drier the atmosphere, the greater will be the difference between the tem- 
perature and its dew-point 

Dew may be produced at any time by bringmg a vessel of 
produSion *of ^^^ water into a warm room. The sides of the vessel cool 
dew be ooca- the Surrounding air to such an extent that it can no longer 
time? * *°^ retain all its vapor, or, in other words, the temperature of tho 
air is reduced below the dew-point ; dew therefore forms upon 
the vessel. A pitcher of water under such circumstances is vulgarly said to 
"sweat" 

In the same maimer, moisture is deposited upon the windows of a heated 
apartment when the temperature of the external air is low enough to suffi- 
ciently cool the glass. 

,^^ j^ As soon as the sun has set in summer, and the earth is no 

formed in snin. longer receiving new supplies of heat^ its sur&ce begins io 
mer after snn- throw off the heat which it has accumulated during the day 
by radiation ; the air, however, does not radiate its heat, and, 
in consequence, the different objects upon the earth's surface are soon cooled 
down from 7 to 25 degrees below the temperature of the air. Tlie warm 
vapor of the air, coming in contact with these cool bodies, is condensed and 
precipitated as dew. 

In a dear summer's nighty when dew is depositing, a thermometer laid 
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upon the gi^fis, will sink nearly 20 deg^rees below one suspended in the air 
at a little distance above. 

U n what b- "^ bodies have not an equal capacity for radiating heat^ 
stances is dew but some cool much more rapidly and perfectly than others. 
fT^PT^ °*^'* ^®°^ ^' follows, tiat with the same exposure, some bodies 
will be densely covered with dew, while others wUl remain 
perfectly dry. 

Qrass, the leaves of trees, wood, etc., radiate heat veiy fteely : but polished 
metals, smooth stones, and woolen doth, part with their heat slowly: the 
foTTDGT of these substances will therefore be completely drenched wi^ dew, 
whUe the latter, in the same situations, will be almost dry. 

The sur&ces of rocks and barren lands are so compact and hard, that they 
can Bother absorb nor radiate much heat ; and (as their temperature varies 
but slightly) very little dew deposits upon them. Cultivated soils, on the 
contrary (being loose and porous) very freely radiate by night the heat which 
they absorb by day; in consequence of which they axe much cooled down, 
and plentifully condense the vapor of the air into dew. Such a condition 
of things is a remarkable evidence of design on the part of the Creator, since 
every plant and inch of land which needs the moisture of dew is adapted to 
collect it; but not a single drop is wasted where its refreshing moisture is not 
required. 

,^^^ . 606. Dew is deposited most freely upon a calm, clear night, 

stances infla- ^nce under such circumstances heat radiates from the earth 
do^o^ of Sew? ™^ freely? ^^^ is lost in space. On a cloudy night, on the 
contrary, the deposition of dew is almost entu*ely interrupted, 
since the lower surfaces of the clouds turn back the rays of heat as they 
radiate, or pass off from the earth, and prevent their dispersion into space ; 
the sur&ce of the earth is not, therefore, cooled down sufficiently to chill the 
vapor of the air into dew. 

When the wind blows briskly, also, little or no dew is formed, smce warm 
air is constantly brought into contact with solid bodies, and prevents their re- 
duction in temperature. 

Can dew be I^®^ ^^ alwajs formed upon the surface of 
j^^y^^^ the material upon which it is found, and does 
not fall from the atmosphere. 

other things being equal, dew is most abundant in situations most exposed, 

because the radiation of heat is not arrested by houses, trees, etc. Little dew 

is ever observed in the streets of cities, because the objects are necessarily 

exposed to each other's radiation, and an interchange of heat takes place, 

which maintains them at a temperature uniform with the air. 

_^ ^ - Dew rarely fiJls upon the surface of water, or upon ships 

Docs dew lonn . ., ..« i. .,...,. , ^i 

upon the sur- m mid-ocean. The reason of this is, that whenever the 

face of water ? aqueous particles at the surface are cooled, they become heavier 

than those below them, and sink, while wanner and lighter particles rise to 

the top. These, in their turn, become heavier, and descend ; and this pro- 
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cess, caDtmuiDg throtighoat the xugfaty mainfayna the sivr&oe of the vaiter and 

the air at nearly the same temperature* 

Although dew does not appear upon ships in mid-ocead, It 10 freely d^>os- 
ited on the same vessels arrivrng in the vicmity of land. Thus, navigators 
who proceed from the Straits of Sunda to the Coramandel coast^ kmrw that 
they are near the end of the voyage when they perceive the ropes, sails, and 
other objects placed on the deck become moistened with dew during' tiie 
night. 

The exposed parts of the human body are never covered with ^w^ because 
the vital temperature^ varying from 96^ to 9S^ F., effectually prevents a loss 
of heat sufficient for its deposition. 

Dew is produced most copiously in tropical countries, because there is in 
such latitudes the greatest difference between the temperature of the day and 
that of the night. The development of vegetation is also greatest in trc^cal 
countries, and a great part of tiie nocturnal cooling is due to the leaves whic4i 
present to the sky an immense number of thin bodies, having large swSace^ 
well adapted to radiate heat 

Dew rarely falls upon the smaJl islands of the Pacific; the reason is> that 
the air over the vast ocean in which these islands are situated, preserves a 
nearly uniform temperature day and night The islands are comparatively 
of small extent, and the stratum of air cooled by the contact of the soil is 
warmed by mixing with the air that is constantly reaching it from the sea. 
This prevents a depression of temperature in the air sufficient to cause a depo- 
sition of dew. 

whatiafroBtf 606. Fiost is frozen dew. 

When the temperature of the body upon which the dew is 
deposited sinks below 32^ F., the moisture freezes and assumes a Bolid form, 
constituting what is called "frosV^ 

Shrubs and low plants are more liable to be injured by frost ^an trees <^ 
a greater elevation, since the air contiguous to the sur&ce of the ground is the 
most reduced in temperature. 

Why does a -^^ exceedingly thin covering of muslin, 
*^JUt*^objeJtf matting, etc., will prevent the deposition of 
froS?*^"^ **' dew or frost upon an object, since it prevents 
the radiation of heat, and a consequent cool- 
ing sufficient to occasion the production of either dew or 
frost. 

Fig. 224, in Which the arrows indicate the movements of heat, and the 
numerals the temperatures of the earth and air under different circumstances^ 
will render the explanations of the phenomena of dew and frost more in- 
telligible. 

The figures in the middle of the diagram represent the temperature of the air 
at a distance fit>m the surface cf the earth ; the figures in the margin, the 
temperature of the air adjoimng the surface of the earth ; the figures below 
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HiO mavgin, the temperature of the earth itself. The directions of the arrows 
represent the radiation and reflection of the heat. 

Fig-. 224. 
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nights. 
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nights. 


Clear night; 
soil protected. 



What are 
doads? 



SECTION II. 

CLOUDS, RAIN, SNOW, AND HAIL. 

607. Clouds consist of vapor evaporated from 
the earth, and partially condensed in the 
higher regions of the atmosphere. 

How is mist or When air, saturated with vapor, in imme- 
fogoccadoned? ^j^te coutact with tho surface of the earth is 
cooled down rapidly, its vapor is condensed ; if the con- 
densation, however, is not sufficient to allow of its precipi- 
tation in drops, it floats above the surface of the earth as 
mist or fog. 

now do clouds. Clouds, fog, and mist differ only in one re- 
spect. Clouds float at an elevation in the air, 
while fogs and mists come in contact with the 
surface of the earth. 

Mist and fog are also formed when the water of lakes and rivers, or the 
damp ground, is warmer than the surrounding air which is saturated with 
moisture. The vapors which rise in consequence of the higher temperature 
of the water, are immediately recondensed, as soon as they diffuse themselves 
through the colder air. 

Mist and fog are observed most frequently over rivers and marshes, be- 
cause ih such situations the air is nearly saturated with Vapor, and therefore 

12* 



fopT, and mist 
differ? 
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the least depression of temperature will compel it to reUnquiflh some of its 
moisture. 

The moisture contaiaed in the air we expel from the loags 
mdiBture of in the process of respiration, is risible in winter, but not in 
?bie^to*Snter summer. The reason of this is, that in cold weather tiie vapor 
and not in IS condensed by the external air, but in summer the temperar 
sammer ? ^^^^^ ^^ ^j^^ ^ ^ ^^^ sufficiently reduced to effect oondenaatioiL 

In what man- During the daily process of evaporation from the sorfeiee cf 
ner are cioudB the earth, warm, humid currents are continually ascendmg; 
formed? ^^^ higher they ascend, the colder is the atmosphere into 

which they enter; and as they contmue to rise, a point will at length bo 
attained where, in union with the colder abr, theur original humidity can no 
longer be retained : a doud wiU then appear, which inca^ases in bulk with 
the upward progress of the current into colder regions. 

To a person in the valley, the top of a mountain may seem enveloped in 
clouds ; while, if he were at the summit, he would be surrounded by a mist, 
or fog. 

_- , . . The reason why clouds, which are condensed vapor, float 

float in the at- in the atmosphere is, that they consist of very minute glob- 
mosphere ? ^jes (called vesicles), which, although heavier than the sur- 

rounding air, have a great extent of surface in comparison with their weight. 
On account of the resistance of the air, they sink very slowly, as a soap- 
bubble, which greatly resembles these vesicles, sinks but slowly in a calm 
atmosphere. As these vesicles do, however, gradually sink, the question 
arises, why do not the clouds fall to the ground ? The explanation of tliis is, 
that the vesicles which smk in calm weather can not reach the ground, bo- 
causo in then* descent they soon meet with warmer strata of air which arc not 
saturated with moisture, where they again dissolve^nto vapor and are lost to 
view: at the same time that the vesicles of vapor lissolve at the lower limits 
of the clouds, new ones are formed above, and thus the cloud appears to float 
immovably in the air. 

liVTien the atmosphere is agitated, the vesicles of vapor constituting douda 
are driven in the direction of the currents of air. A wind moving in a hori- 
zontal direction will carry the clouds in the same direction ; and an ascend- 
ing current of air wiU lift them up, as soon as its velocity becomes greater 
than the velocity with which the vesicles would fall to the ground in a calm 
condition of the air. In like manner, soap-bubbles are elevated by the wind 
and carried to considerable distances. 

Hov do vinds Clouds frequently appear and disappear with a change in 
affect the the direction and character of the wind. Thus, if a cold wind 
clouds? blows suddenly over any region, it condenses the invisible va- 

per of the air into cloud or rain; but if a warm wind blows over any region, 
It disperses the clouds by absorbing their moisture. 

The average height at which clouds float above the snrfece 
average height °^ *^® earth in a calm day, is between one and two miles. 
pf clouds* Light, fleecy clouds, however, sometimes attain an elevation 

of five or six miles. 
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WliatooeadooB When douds are not oontinnona over the whole surface of 
andbrok^ap- ^^ sky, various ' circumstances contribute to give them a 
i^uttnee of rough and uneven appearance. The rays of the sun falling 
upon different sur&ces at different angles, melt away one set 
of elevations and create another set of depressions ; the heat also, which is 
liberated below in the process of condensation, the currents of warm air 
escapiag firom the earth, and of cold air descending from above, all. tend to 
keep the clouds in a state' of agitation, upheaval, and depression. Under 
these influences, the masses of condensed vapor composing the clouds are 
caused to assume all manner of grotesque and fanciful shapes. 

The shape and position of douds is also undoubtedly influenced in a con- 
siderable degree by their electrical condition. 

,„^^ , Clouds are frequently seen to collect around 

Why do douds . i i i , •, i 

frequently col- mouutam pcaks, whcu the atmosphere else- 
mountain "* where is clear and free from clouds. This is 
^ caused by the wind impelling up the sides of 

the mountains the warm, humid air of the valleys, the 
moisture of which, in its ascent, gradually becomes con- 
densed by cold, and appears as a cloud. 
„ 608. Clouds are generally divided into four 

How many . i ^m ■» r>, 

kindsof clouds great classes, viz. : the Oirbus, the Cumulus, 

are recognized? o ? ? / 

the Stratus, and the Nimbus. 
ctaw Soud? ^^® Cirrus* cloud consists of very delicate 
thin streaks, or feathery filaments, and is 
usually seen floating at great elevations in the sky during 
the continuance of fine weather. 

It is highly probable that the cirrus doud, at great elevations, does not con- 
sist of vesicles of mist, but offtakes of snow. 
Fig. 225, 0^ represents the appearance of this variety of cloud. 

What is the The Cumidusf cloud consists of large round- 
cumuinsciond? ^^ masscs of vapor, apparently resting upon 
a horizontal basis. When lighted up by the sun, cu- 
mulus clouds present the appearance of mountains of 
snow. 

The cumulus is especially the doud of day, and its figure is most perfect 
during the fine, warm days of summer. 

Fig. 225, 6, illustrates the appearance of the cumulus doud. 

These douds appear in greatest number at noon, on a fine day, but disap- 
pear as evening approadies. The explanation of this is, that at noon the cur- 

* From the Latin word eirrtu — n lock of hair, or cnrL 
t From the Latin word cinnul«»— • maM, or pile. 
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rents of warm air ascending from the earth are more buoyant, larger, and ris^ 
higher, and when condensed, form large masses of clouds, each of wfaidimay 
be considered as the capital of a column of air, whose base rests upon the earth. 
As the heat of the sun diminishes in the afternoon, tho strength of tlie cur- 
rents abate, the clouds, which are buoyed up by th^ir force, sink down into 
warmer regions of the atmosphere, and are either partially or wholly dis- 
solved. 

Fio. 226. 




Cirrus, a; Cumulus, b; Stratus and Nimbus, c 



The rounded figure of the cumulus has been attributed to its method of 
formation; for when one fluid flows through another at rest, tho outfine of 
the figure assumed by the first will be composed of curved lines. This fact 
may be shown, and the appearance of the cumulus imitated, by allowing a 
drop of milk or ink to fall into a glass of water. The same thing is also 
seen in the shape of a doud of steam as it issues firom the boiler of a loco- 
motive. 
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What is the The Stratus,* or stratified cloud, consists 
str»t«6 eioud? ^f horizontal streaks, or layers of vapor, which 
float like a veil at no very great elevation from the surface 
of the. earth. Th^j frequently appear with extraordinary 
brilliancy of color at sunset. 

The appearance of the strajus is represented at c, Fig. 225. 

What is tho ^^^ Nimbus, or the cloud of rain, has no 

Kimbua? characteristic form. It generally covers the 

whole horizon, imparting to it a bluish black appearance. 

The various forms of clouds gradually pass into each other, so that it is 
often difficult to decide whether the appearance of a doud approaches more 
to one type than another. The intermediate forms are sometimes designated 
as cirro-stratus, cirro-cumulus, and cumulo-stratua 

. 609. Eain is the vapor of the clouds or air 

condensed and precipitated to the earth in drops. 
uow is rain ^aiu is generally occasioned by the union of 
occasioned? ^^^ ^j, jjj^q^q yolumcs of humid air, dijBFering 
considerably in temperature. Under such circumstances, 
the several portions in union are incapable of absorbing the 
same amount of moisture that each could retain if they 
had not united. The excess, if very great, falls as rain ; 
if of slight amount, it appears as cloud. 
Upon what law 610. Tho kw upou which the condensation 
ti^n if rSTdSl oi vapor and the formation of rain depends is, 
pcnd? ^^Q^j^ ^j^Q capacity of the air for moisture de- 

creases in a greater ratio than the temperature. 

611. Eain falls in drops, because thoTesicles of vapor, in 
^Hn*dro?8? *^®^ descent, attract each other and merge together, thus 
forming drops of water. The size of the drop is increased in 
proportion to the rapidity with which the vapors are condensed. 

In rainy weather the clouds fell toward the earth, for the reason that they 
nro heavy with partially-condensed vapors, and the air, on account of its 
diminished density, is less able to buoy them up. 

612. The quantity of rain falling at any one time or 
place, is measured by means of an instrument called a 
" Rain-auage." 

This usually consists of a tin cylindrical vessel, M, Fig. 
^S^We.* 226, the upper part of which is closed by a cover, B, in tho 
shape of a funnel, with an aperture in its center. The water 
* StratiHS, from the Latin «era<u«— that which lies low in the fom of a bed or layer. 
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Fia. 226. faffing upon the top of 

the cylmder flows iDto 
tho Interior throa^ 
the opening', and i 
thus protected firom 
evaporation. Promtbo 
base of the appara- 
tus a graduated glass 
tube, A, ascends, in 
which tho water 
rises to the fiamo 
height as in the in- 
terior of the cylinder. 
Supposing the apparatus to be placed in an exposed situation, and at the end 
of a month, for example, the height of the water in the tube is fire inches: 
this would indicate that the water in the cyUnder had attained to an equal 
elevation, and consequently that the rain which had fallen during this inter- 
val, would, if not diminished by evaporation or infiltration, cover tho earth to 
the depth of five inches. 

I hat Bitua- ^^^* ^^^ ^'^ "^°®* abundantly in countries near the equa- 
tions is rain tor, and decreases in quantity as we approach the polea 
most abundant? There are more rainy days, however, in the temperate zones 
than in the tropics, although the yearly quantity of rain falling in the latter 
districts is much greater than in the former. 

In the northern portions of the United States, there are on an average about 
134 rainy days in a year ; in the Southern States the number is somewhat 
less, being about 103. 

Tho reason why it rains more frequently in the temperate zones than in tho 
tropics is because, the former are regions of variable winds, and the tempc5- 
rature of the atmosphere changes often ; while in the tropics the wind changes 
but rarely, and the temperature is very constant throughout a great part of 
the year. In the tropics the year is divided into only two seasons, the wet, 
or rainy, and the dry season. 

What is the ^he avGragG yearly fall of rain in the tropics 
JliSdiffereSt ^^ ninety-five inches ; in the temperate zone 

countries? ^^ly thirty-fivC. 

The greatest rain-fall, however, is precipitated in the shortest time. Kinelj- 
five inches Mi in eighty days on the equator, whUe at St Petersburg tho 
yearly rain-fall is but seventeen inches, spread over one hundred and sixty- 
nine days. Agam, a tropical wet day is not contmuously wet. Tho morn- 
ing L3 clear ; clouds form about ten o'clock ; the rain begins at twelve, and 
pours till about half past four ; by sunset the clouds are gone, and tho nights 
are invariably fine. 

The depth of rain which falls yearly in London is about twenty-five inches ; 
but at Vera Cruz, in the Gulf of Mexico, rain to the amoimt of two hundred 
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and Beveniy^eight inches is precipitated. The explanation of this is to be 
fomui in the pecaliar location of the dty, at the foot of lofty monntainSi whose 
saxnmits are covered with perpetual snow ; against these the hot, humid air 
from the sea is driven hj the winds, condensed, and its excess of moisture 
precipitated as rain. 

614. Some countries are entirely destitute of rain ; in a part of Egypt it 
jierreT rains, and in Pern it rams once, perhaps, in a man's lifetime. Upon 
tiie table-land of Mexico, in parts of Guatemala and California, r^in is very 
rare. But the most extensive rainless districts are those occupied by the 
great desert of Africa, and its continuation westward over portions of Arabia 
azid Persia to the interior of Central Asia, over the great desert of Gobi, the 
table*land of Thibet, and part of Mongolia. These regions embrace an area 
of five or six millions of square miles that never experience a shower. 

The cause of this scarcity is to be sought for in the peculiar conformation 
of the country. 

in Peru, for example, parallel to the coast, and at a short distance from the 
sea, is the lofty range of the Andes, the peaks of which are covered with 
perpetual snow and ice. The prevailing wind is an east wind, sweeping from 
the Atlantic to the Pacific across the continent of South America. As it ap- 
proaches the west coast, it encounters this range of mountains, and becomes 
so cooled by them that it is forced to precipitate its moisture, and passes on 
to the coast almost devoid of moisture. In Egypt and other desert countries, 
the dry sandy plains heat the atmosphere to such an extent that it absorbs 
moisture, and precipitates none. 

On the other hand, there are some countries in which it may be said to 
always rain. In some portions of Guiana, in South America, it rains for a 
great portion of the year. The fierce heat of the tropical sun fills the atmos- 
phere with vapor, which returns to the earth again in constant showers as 
the cool winds of the ocean flow in and condense it. 

»_^ . . 615. The whole quantity of water annually precipitated as 

whole eBti- rain over the earth's sur&ce is calculated to exceed seven 
mTrafity^^ of hundred and sixty millions of tons. This entire amount is 
rain? raised into the atmosphere solely by evaporation. It has been 

also calculated, that the diuly amount of water raised by 
evaporation from the sea alone, amounts to no less than one hundred and 
sixty-four cubic miles, or about sixty thousand cubic miles annually. 

During the months of October and November, the daily amount of evapo- 
ration from the surface of the ocean, between the Cape of Good Hope and 
Calcutta, is known to average three quarters of an inch from the wholo 
Burfkce. 

What cnrious ^^^ amount of moisture constantly present in the atmos- 
inflaences are phere of any country, exercises an important influence upon 
thrmoSturJS *^® physical system of the mhabitants, and upon their arts 
the atmosphere? and professions. The atmosphere of the northern United 
States is uncommonly dry, much more so than in England or 
Germany. To this in a great measure is owing the difibrence in the physical 
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appearance of the inhabitants of these respective countnea Painters find that 
their work dries quicker, also, in New Ei^land than in central Europe. 
Cabinet-makers in tbe United States are obliged to use thicker glne, and 
watchmakers animal instead of vegetable oil. Pianos are rarely imported from 
Europe into the United States, because the difference in the climate of these 
two countries is so gre^t, as respects moisture, that the foreign instruments 
shrink, and quickly become damaged. 

What is Snow? 616. Snow 18 the condensed rapor of tbe air, 
frozen and precipitated to the earth. 

How is snow ^"^ knowledge in respect to the formation of snow in tho 
probably form- atmosphere is very limited. It is probable that tho doads in 
**^^ which the flakes of snow are first formed, consist^ not of vesi- 

cles of vapor, but of minute crystals of ice, which by the continuous oondcns- 
ation of vapor becotae larger and form flakes of snow, which continue to 
increase in size as they descend through the air. 

"Wlien tho lower regions of the air are suiBciently warm, tho fiakes of snow 
melt before they reach the ground ; so that it may rain below, while it snows 
above. 

Tho largest flakes of snow are formed when the air abounds with vapor, 
and the temperature is about 32® F. ; but as the moisture diminishes, and tho 
cold increases, the snow becomes finer. 

In extreme cold weather, when a volume of cold dr is suddenly admitted 
into a room, the air of which is saturated with moisture, it somelames hap- 
pens that the vapor of the room will be condensed and firozen at the same 
instant, thus producing a miniature fall of snow. 

_-. * J 41^ G17. On examining a snow-flake beneath a microscope, it is 

physical com- found to consist of regular and symmetrical crystals, having a 
^^^l ■ peat diversity of form. 

These crystals also exist in ice, but are so blended together 
that their symmetry is lost in the compact mass. 

The crystals of snow may, under favorable circumstances,, be seen vath 
the naked eye, by placing tho flake upon a dark body cooled below 32° F. 
Fig. 227 represents the varied and beautiful forms of snow ciystals. 

Tlie bulk of recently-fallen snow is ten or twelve times greater than that 
of the water obtained by melting it. 

618. Hail is the moisture of the air frozen 
into drops oi ice. 

Con the phe- ^^^ phenomenon of hail has never been satisfactorily ext 
iioraenon of baU plained. It is difficult to conceive how the great cold is pro 
satisfactoril^f duced which causes the water to freeze under the circum- 
stances, and also how it is possible that the hail-Stones, after 
having once become sufficiently large to fall by their own weight, can yet 
remain long enough in the air to increase to so considerable a size as is 
sometimes seen. A haol-storm generally lasts but a few minutes, very sel- 
dom as long as a quarter of an hourj but tho quantity of ice which 
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escapes from the clouds in so short a tune la yeiy great^ and 
been observed to fall of a weight of 10 or 12 ounces. 

3Fra 221. 
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have 




619. Hail-stones are generally pear-shaped, and if they are divided through 
the center, they will be found to be composed of alternate layers of ice and 
snow, arranged around a nucleus, like the coats of an onion. 

Hail-storms occur most frequently in temperate climates, and rarely within 
the tropics. They occur most frequently in northern latitudes, in the vicinity 
of high mountains, whose peaks are always covered with ice and snow. The 
Bouth of France, which lies between the Alps and Pyrenees, is annually rav- 
aged by halL ; and l^e damage which it causes yearly to vineyards and stand* 
ing crops has been estimated at upward of nine millions of dollars. 



SECTION III. 



WINDS. 



620. Wind is air put in motion. The air is 
never entirely free from motion, but the* ve- 
locity with which it moves is perpetually varying. 

621. The principal cause of movements in 
the atmosphere is the variation of temperature 
produced by the alternation of day and night 

and the succession of the seasons. 

now can yari- When, through the agency of the sun, a particular portion 

«tioiiB of tern- of tiiQ earth's surface is heated to a greater degree than the 

perature pro- . , , . . . , /»•.-• 

ducewind? remamder, the air restmg upon it becomes rarenea and 



What is Wind? 



What is the 
principal cause 
of \nnd ? 
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ascends, while a current of cold air rashes in to supply the vacancy. Two 
currents, the one of warm air flowing out, and the other of cold air flowing 
in, are thus continuaUj produced; and to these movements of the atmosphere 
we apply the designation of wind. 

If the whole sur&ce of the earth were covered with water, 

^^ ^i f ^- *^® winds would always foUow the sun, and blow uniformly 

tures of the iiom east to west The direction of the wind is, however, 

^da**^^***** continually subject to interruption from mountains, desects, 

plains, oceans, etc. 

Thus mountains which are covered with snow, condense and cool the air 
brought in contact with them, and when the temperature of the current of 
air constituting the wind is changed, its direction is liable to be changed also. 
The ocean is never heated to the same degree as the land, and in conse- 
quence of this, the general direction of the wind is from tracts of ocean to- 
ward tracts of land. 

In those parts of the world which present an extended sur&ce of water, 
the wind blows with a great degree of regularity. 

What is the ^^^* Every variation exists in the speed of winds, from 
reiodtv and the mildest zephyr to the most violent hurricane, 
force of win s ^ wind which is hardly perceptible moves with a velocity 

of about one mile per hour, and with a perpendicular force on one square foot 
of '005 pounds avoirdupois. 

In a storm, the velocity of the wind is from 50 to 60 miles per hour, and 
the pressure ttom 7 to 12 pounds per square foot. In some hurricanes, the 
velocity has been estimated at from 80 to 100 miles per hour, with a varying 
force of from 30 to 50 pounds. 

The force of the wind is ascertained hj ob- 
fo?M of wind serving the amount of pressure that it exerts 

calculated? *=' . , _p *" j« i j^ -, 

upon a given plane surmce perpendicular to its 
own direction. 

If the pressure-plate acts freely upon spiral springs, the power of the wind 
is denoted by the extent of their compression, which thus becomes a measure 
of their force, the same as in weighing by the ordinary spring-balance. 

What is an -^.u instrument for measuring the force of 
Anemometer? ^j^^ ^^^^ jg called au Anemometer. 

How mav winds 623. Wiuds may be divided into three 
he divided? classes :— Constant, Periodical, and Variable 
winds. 

__ ^ .. 624. In many parts of the Atlantic and Pacific oceans, the 

What are the . , ,, _,:. -^ ^ -. _. ™-— ^ 

trade-winds? wmd blows with a uniform force and constancy, so that a ves- 
sel may sail for weeks without altering the position of a sail 
or spar. Such winds have received the designation of trade- winds, inasmuch 
aa they are most convenient for navigation, and always blow in one direction. 
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What is the ^® trade-windfl are caused by the movements of vast cur- 
eaase of the rents of air which are continuallj flowing between the poles 
trade-whidB ? g^^ ^^ equator. Thus the air which has been greatly heated 
by the sun in regions near to the equator, rises and runs over toward either 
pole in two grand upper currents, nnder which there flows from north and 
south two other currents of colder air to occupy the space vacated, and to re- 
store the equilibrium. 
_- . 625. In the northern hemisphere the trade-winds blow from 

the direction of the north-east, and in the southern hemisphere fix>m the soutl - 
the trade-winds ? 



The reason they do not blow from the direct north and south is owing to 
the revolution of the earth. The circumference of the earth being larger at 
the equator than at the poles, every spot of the equatorial surface must movo 
much &ster than the corresponding one at the poles: when, therefore, a cur- 
rent of air from the poles flows toward the equator, it comes to a part of the 
earth's surface which is moving &ster than itself; in consequence of which 
it is left behind, and thus produces the effect of a current moving in the op- 
pofflte direction. 

The region over which the trade-winds prevail extends for about 25 degrees 
of latitude, on each side of the equator, in the Atlantic and Pacific oceans. 

The reason the trade- winds do not blow uninterruptedly from the equator 
to each pole is owing to the change which takes place in their temperature as 
they move north and south. Thus m the northern hemisphere the hot air 
that ascends from the equator and passes north, gradually cools, and becomes 
denser and heavier, running as it does over tiie cold current below. The 
cold air from the pole, too, gradually becomes warmer and lighter as it passes 
south, so that in the temperate climates there is a constant struggle as to 
which shall have the upper and which the lower position. In these regions, 
consequently, there are no uniform winds.* 

What are mon- 626. MoDsoons ate periodical currents of air 
Boons? which in the Arabian, Indian, and China seas 
blow for nearly six months of the year in one direction, 
and for the other six in a contrary direction. 

They are called monsoons from an Arabic word signifying season ; they are 
also called periodical winds, to distmguish them from the trade-winds which 
are constant. 
«rv ^ 1 *!. The theory of the monsoons is as foDows: — ^During six 

What is the , «. » .., .^., .. . «... 

theory of the months of the year, fh)m Apnl to October, the air of Arabia^ 
monsoons? Persia, India, and China, is so rarefied by the enormous heat 

of their summer sun, that the cold air from the south rushes toward these 

* The existence of a great current of air In the npper regions of the atmosphere, floTf- 
ing in an nearly contrary direction to the trade-winds, has been confirmed by the ob- 
6«rTations of travelers who hare ascended the Peak of Teneriffe, or some of the high 
mountains in the Islands of the Southern Pacific Ocean. At a height of about 12,000 feet 
a wind is encountered, blowing constantly in an opposite direction to that which preyaila 
at the level of the sea below. 
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countries, acrosa tiie eqnatjcw, and produces a south-irest wind. "WTien the 
BUD, on the other haad, has left the northern side of tiie eqwtor for iSio 
Eouthem, the southern hemisphere is rendered hotter than the northern, and 
the direction of the wind is reyersed, or the tnonsoon blows north-east irom 
October to ApriL 

The monsoons ftre more powerful tiian the trade-winds, and very often 
amount to violent gales. They are also more useful than the trade-winds, 
since the mariner is able to avail himself of their periodic changes to go m 
one direction during one half of the year, and return in the opposite dh-ection 
during the other half 

What is th ^^^' ^^ ^0°*® P'^rts of the World, as on coasts and falanda, 

oxpianafcioix aS the heating action of the sun produces daily periodical winds, 
brL^eB^y^ ^^* which Are termed land and sea-breeees. 

During th© day, the land becomes mu^imore highly heated 
by the sun than the adjacent water, and consequently the air resting upon 
the land is much more heated and rarefied than ihaX upon the wat^. The 
cooler and denser air, therefore, flows from ttoe water toward the land, con- 
stituting a sea-breeze, and, displacing the warmer and lighter air over the 
land, forces it into a higher region, tloag which it flows in an upper current 
seaward. 

At night a contrary eOect is produced. After sunset the land cools much 
more rapidly than the water, and the air over the shore becommg cooler, 
and consequently heavier than that over the sea, flows toward the water and 
forms the land-breeae.* 

The phenomena of land and sea-breezes may be well lUiistrated by a simple 
experiment Fill a large dish with cold water, and pl^use in the middle of it 
a saucer full of warm water ; let the dish represent the oceao, and the saucer 
an island heated by the sun, and rarefying the air above it ; blow out a can- 
dle, and if the air of the room be still, on applying it successively to every 
side of the saucer, the smoke will be seen movmg toward it and rismg ov^ 
it, thus indicating the course of the air from sea to land. On reversing the 
experiment, by filling the saucer with cold water, and the dish with warm, 
the land-breeze will be shown by holding the smoking wick over the edge 
of the saucer ; the smoke will then be waflied to the warmer air over the dish. 
, ^ . _. 628. In tiie temperate zones, the winds have 

Inirhat regions i« i « , , 

do variable little 01 regulantv, and these latitudes are 

winds prerail? . ° , •' ^ 

known as the regions of " variable winds." 

In the tropics, the great aerial currents known as the trade-winds exist in 
all their power, and control most of the local influences; but in the temperate 
zones, where the force of the trade-winds is diminished, a perpetual contest 

• Advantage is taken of these breeses by coasters, irhich, drawing less water than 
larger vessels, eaa approach the coast within those limits where the sea and land-breezes 
first begin to operate. Thus a ship of war may not be able to take advants^re of these 
winds, while sloops and schooners may be moving along close to the shore under a press 
of canvas, and be out of sight before the larger vessel is released from ttie calm bordering 
these breezes, and fUng^g for some time the beach only. 
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oeenffB between the permanent and temporary cmrenta, giving rise to con- 
stant fluctoationa in the strength and direction of the winds. 

629. The driest winds of the United States are west and 
charactCT of north-west winds, since they blow over great tracts of land, 
the vindB of and hare little opportunity of absorbing moisture. 
Stetest ^he south winds are generally warm and productive of 

rain, since coming from tropical countries, they are highly 
heated, and readily absorb moisture as they pass over the ocean. As soon, 
however, as they reach a cold climate they are condensed, and can no longer 
Lold all their vapor in suspension; in consequence of whidi some of it is de- 
posited as rain. 

630. Other disturbances of the air occasion a variety of phenomena known 
as "Sunoons," "Hurricanes," "Tornadoes," "Water-Spouts," eta 

wh»t is a s- 631. The Simoon is au intensely hot wind 
jno9nt ^j^g^^ prevails npon the vast deserts of Africa 
and the arid plains of Asia^ causing great suffering, and 
often destruction of whole caravans of men and animals 
when encountered. Its origin is to be sought in the pecu- 
liarities of the soil and the geographical position of the 
countries where it occurs. 

" The sur&ce of the deserts of Africa and Asia is composed of diy sand, 
which the vertical rays of the sun render burning to the touch. The heat of 
these regions is insupportable^ and their atmosphere like the breath of a fur- 
nace. When, under such circumstances, the wind rises and sweeps over 
these plains, it is intensely hot and destitute of moisture, and at the same time 
bears aloft with it great clouds of fine sand and dust — a dreadful visitant to 
the traveler of the desert." 

wh«tisaH«r. Thc Hurricaue is a remarkable storm wind, 
'^°®' peculiar to certain portions of the world. It 
rarely takes its rise beyond the tropics, and it is the only 
storm to dread within the region of the trade-winds. 

Hurricanes are especially distinguished from all other kinds of tempests by 
their extent, uresistible power, and the sudden changes that occur in the 
direction of the wmd. 

In the northern hemisphere, the hurricane 
aud locatteM most frequently occurs in the regions of the 
mostfreqnent- Wcst ludics J iu the southem hemisphere, it 
7 occur? occurs in the neighborhood of the Island of 

Mauritius, in the Indian Ocean. They also seem to be 
confined to particular seasons ; thus the West Indian 
occur from August to October ; the Mauritian from Feb- 
ruary to April. 
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Becent investigations have proved the har- 

What is the . . • X /• i. • "Ll ^ • j 

nature of the ncancs to consist 01 extensive storms oi wind, 
urr cane '^bjch Tcvolve Tound an axis either upright or 
inclined to the horizon ; while at the same time the hody 
of the storm has a progressive motion over the surface of 
the ocean. 

Thus it is the nature of a hurricane to travel round and round as well aa 
forward, much as a corkscrew travels through a cork, only the circles are all 
flat, and described by a rotary wind upon the sur&ce of the water. A ship 
revolving in the circles of a hurricane, would find, in successive positional the 
wind blowing from every point of the compass.* 

The effect produced by a hurricane upon the atmosphere is very Angular. 
As it consists of a body of air rotating in a vast circle, its center is the point 
of loast motion. Mariners who have been caught in such a center, describe the 
unnatural calm that prevails as awful — an apparent lull of the tempest^ whidi 
seems to have rested only to gather strength for greater efforts. The mass 
of air, however, which constitutes the body of the storm will be driven out- 
ward from the center toward the margin, just as water in a pail which is 
made to revolve rapidly flies from the center and swells up the sides. £ut 
the pressure of the atmosphere beyond the wlurl, checking and resisting the 
centrifugal force, at length arrests the outward progress of the mass of air, 
and limits the storm. 

What ia kn ^® progressive velocity of hurricanes is from seventeen to 

respecting the forty miles per hour ; but distinct from the progressive velocity 
IpacM^rayen^ ^ *^® rotary velocity, which increases from the exterior bound- 
ed bv hurri- ary to the center of the storm, near which point the force of 
^^^^ the tempest is greatest, the wind sometimes blowing at the 

rate of one hundred miles per hour. 

The distance traversed by these terrible tempests is also immense. The 
great gale of August, 1830, which occurred at St Thomas» in the West 
Indies, on the 12th, reached the Banks of Newfoundland on the 19th, havmg 
traveled more than three thousand nautical miles in seven days; the trade of 
the Cuba hurricane of 1844 was but little inferior 'm length. 

The sur&oe simultaneously swept by these tremendous whirlwinds is & 
vast circle varying fi^m one hundred to five himdred miles m diameter. 

Mr. Redfield has estimated the great Cuba hurricane of 1844 to have been 
not less than eight hundred miles in breadth, and the area over which it pre- 
vailed during its whole length was computed to be two million four hun- 
dred thousand square miles — an extent of sur&ce equal to two thirds of 
that of all Europe. 

* la 1845, a ship encoantered a hanicane sear Mauritias. The whid, as the ship 
sailed ia the circuit of the storm, changed fire times completely roand in one hundred 
and seventeen hours. The irhole distance sailed by the vessel was thirteen hundred snd 
seventy-three miles, and at the termination of the storm she was only three hundred uA 
fifty-four miles from the place where the storm commenced. 
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wbatAKTor- 632. Tomadoes maybe regarded as hurri- 
nadoes? canes, differing chiefly in respect to their con- 
tinuance and extent. 

Tomadoes usually last from fifteen to seventy seconds ; 
tKeir breadth varies from a few rods to several hundred 
yards, and the length of their course rarely exceeds twenty 
miles. 

The tornado is generally preceded by a calm and sultry state of the atmos- 
pliere, when suddenly the whirlwind appears, prostrating eyery thing before 
it. Tomadoes are usually accompanied with thunder and lightning, and 
sometimes showers of haiL 

Tornadoes are supposed to be generally pro- 
nadSeg"® pro- duccd by the lateral action of an opposing 
"** wind, or the influence of a brisk gale upon a 

portion of the atmosphere in repose. 

Similar phenomena are seen in the eddies, or little whirlpools formed in 
"water, when two streams flowing in different directions meet. They occur 
most firequently at the junction of two brooks or rivers. 

Whirlwinds on a small scale are often produced at the comers of streets in 
cities, and are occasioned by a gust of wind sweeping round a building, and 
striking the calm air beyond. 

, The whirl of a tornado, or whirlwind, appears to originate in the higher 
regions of the atmosphere ; it increases in velocity as it descends, its base 
gradually approaching the earth, until it rests upon the sur&ce. 

Great conflagrations sometimes produce whirlwinds, in consequence of a 
strong upward current, which is produced by the expansion of the heated 
air. A remarkable example of this is recorded to have happened at the 
burning of Moscow, in 1812, where the air became so rarefied by heat, that 
the wind rose to a frlghtM hurricane. 

It has been noticed as one of the curious effects of a tornado, that fowls and 
birds overtaken by it and caught in its center, are ofl»n entirely stripped of 
their feathers. In a theory propounded some years since to the American 
Association for the Promotion of Science, by an eminent scientific authority, 
it was supposed that in the vortex, or center of the tornado, there was a 
vacuum, and the fowls being suddenly caught in it, the air contained in the 
barrel of their quills expanded with such force as to strip them from the 
body. 

What is a 633. A water-spout is a whirlwind over the 
water-spout? gmfaco of Water, and differs from a whirlwind 
on land in the fact that water is subjected to the action 
of the wind, instead of objects on the surface of the earth. 
In diameter the spout at the base ranges from a few feet 




288 WELLS'S NATUBAL PHILOSOPHY. 

to several hundreds, and its altitude is supposed to be 
often upward of a mfle. 

When an observer is near to the spout, a loud hissing noise is heaid, and 
the interior of the column seems to be traversed by a rushing stream. 

FlQ. 228. The successive appearances of a water- 

spout are as follows : — ^At first it appears to 
be a dark cone, extending from the clouda 
to the water; then it becomes a column 
uniting with the water. After continuing 
for a little time, the column becomes dis- 
imited, the cone reappears, and is graduallj 
drawn up into the clouds. These various 
changes are represented in Fig. 228. It is 
a common belief that water is sucked up hy 
the action of the spout into the clouds ; but 
there is reason to suppose that water rather 
descends from the clouds, as water whick 
has fi^len from a spout upon the deck of a 
vessel has been found to be fresh. There is 
no evidence, furthermore, that a continuous 
column of water exists within the whirling pillar. 

SECTION IT. 

METEOBIO PHBKOMENA. 

What are 634. Meteorftes are luminous bodies, whict 

Meteorite*? fyQjjj j.jjjjg ^^ ^j^^^ appear in the atmosphere, 

moving with immense velocity, and remaining visible but 
for a few moments. They are generally accompanied by 
a luminous train, and during their progress explosions are 
often heard. 

What are 635. The term aerolite is given to those 

Aerolites? stouy masscs of matter which are sometimes 
seen to fall from the atmosphere.* 

What is known ^^^ weight of those aerolites which have been known to 
respecting the fall from the atmosphere varies jfrom a few ounces to several 

weight and ve- , , , , ^ 

locity of aero- hunored pounds, or even tona 

^^^^ The height above the 'earth's sudace at which they are sup- 

posed to make their appearance has beenestimatedto vary from 18 to 80 miles. 

• Aerolite is derived from the Greek words acp (atmosphere) and \t6oi (a stone). A 
meteor is distinguished from an aerolite by the fact that it bursts in the atmosphere, but 
leaves no residuum, while the aerolite, which is supposed to be a fragment of a meteor, 
comes to the ground. 
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The estimated velocify of these bodies is somewhat more than three hun- 
dred miles per minute, though one meteor of immense size, whidi is supposed 
to have passed witMn twenty-five miles of the earth, moved at the rate of 
twelve hundred miles per minute. Owing, however, to the short time the 
meteor is visible, and its great velocity, accurate observations can not be 
made upcm it,' and all esthnates respecting their distance^ size, etc, must be 
considered as only approximations to the truth. 

tTTT. * •- v«^«« ^®ry many of the meteorites which have fellen at different 

\VnstiBKnovn ^ . , ,._. 

resi>eeting the tmies and m dmerent parts of the globe, resemble each other 

aerates?*** ^ ^ dosely, that they would seem to have been broken from 
the same piece or mass of matter. 
Most of fhem are covered with a black shimng crust, as if the body had 
been coated with pitch. When broken, their color is ash-gray, inclining to 
bla<^ They consist hr the most part of malleable iron and nickel, but they 
often contaui small quantities of other substances. They do not resemble in 
composition any other bodies found upon the surfisu^e of the earth, but have a 
character of their own so peculiar that it enables us to decide upon the me- 
teoric origin of masses of iron which are occasionally found scattered up and 
down the surface of the earth, as in the south of Afinca, in ICexioo, Siberia, 
and on the route overland to California. Some of these masses are ot immense 
weight, and undoubtedly feU (torn the atmosphere. 

What is the 636. Four hypotheses have been advanced 
of^^lSJte^ric* to account for the origin of these extraordinary 
i^odieBi bodies ; 1. That they are thrown up from ter- 

restrial volcanoes ; 2. That they are produced in the at- 
mosphere from vapors and gases exhaled from the earth; 
3. That they are thrown from lunar volcanoes ; 4. That 
they are of the same nature as the planets, either derived 
from them, or existing independently. 

The fourth of these suppositions most fully explains the &cts connected 
with the appearance of meteorites, and the third likewise has some strong 
evidence in Its &vor. 

How do shoot- 6^*^' Shooting-stars differ in many respects 
fro^'^Jt^^? from meteors- Their altitude and velocity are 
greater ; they are far more numerous and fre- 
quent, and are unaccompanied by any sound or explosion. 
Their brilliancy is also much inferior to that of the me- 
teor, and no portion of their substance is gyer knoT^p to 
have reached the earth. 

At what height '^^® altitude of shooting-stars is supposed to vary from s£x 
do shooting- to fouT hundred and sixty miles, the greatest number appear- 
rtars appear? ^^ ^^ ^ K^ht of about seventy miles. Owing to their num- 

13 
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ber and frequency of oooanrence, many careful obsenraticms have been made 
upon them, with a view of determinmg these facts. 

Their velocity is supposed to range from sixty to fifteen hundred miles per 
minute. 

Some of these meteoric appearances may bo seen every clear night, but 
they appear to &I1 in great numbers at certain periodical epochs. The pe- 
riods when they may be noticed most abundantly are on the 9th and 10th c^ 
August, and the 12th and 13th of November.* 

The majority of shooting stars appear to emanate fix)iii 
a particular part of the heavens, viz., a point in the con- 
stellation of Leo, undoubtedly far heyond the limits of our 
atmosphere. 

. In order to account for the origin of shooting stars, it ha3 

have been pro- been supposed by Prof. Ohnstead, that they are derived from 
posed to M- g^ \iodj composed of matter exceedingly rare, like ttie tail of a 
origin of shoot- comet, revolving around the sun within the orbit of the earth, 
ing stars ? ^^ space httle less than a year ; and that at times the body 

approaches so near the earth that the extreme portions become detached and 
drawn to the earth by virtue of its great attraction. It has been farther sup- 
posed that the matter of which these bodies is composed is combustible, and 
becomes ignited on entering the earth's atmosphere. 

The nearest approach of the central body to the earth is supposed to be 
about 2,000 miles. Bodies falling from this distance would enter the earth's 
atmosphere at a height of at least 60 miles above the surfece, with a velocity 
generated by the force of gravity above 4 miles per second — a vdocity ten 
times greater than the utmost speed of a cannon-balL 

When common air is compressed in a tight cylinder to the extent of ono 
fifth of its volume, suflScient heat is generated to ignite tinder. If we suppose 
that the fragments descend with such velocity as to compress the rarefied 
atmosphere at the height of 30 miles to such an extent only as to make it as 
dense as ordinary air, the temperature would be raised as high as 46,000° F. 
— a heat far mpre intense than can be generated in any furnace. Unless, 
therefore, the mass of matter comprising the body was very large, it must bo 
dissipated by heat long before it reaches tho surface of the earth. 

Another theory has been proposed by the eminent astronomer Chaldini, 
who supposes that, in addition to the planets and their satellites which re\'olvo 
about the sun, there are Innumerable smaller bodies ; and that these occa- 
Bionally enter within the atmosphere of the earth, take fire, or descend to its 
surface. 

* They hare also been noticed in unusoal abundance on the 13th of October, the Cth 
and 7th of December, the 2d of January, the 23d and 24th of April, and from the 18th to 
the 20th of June. 

Four most remarkable meteoric shovers ha^e been noticed, viz., in 1797, 1831, 1833, and 
1833, all in the month of November. In the shower of 1833, the meteors, in many partsof 
the United States, appeared to fall as thick as snow-flakes. 
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SECTION V. 

P0PX7LAB OPiKZOKS OONOBBNIKG TEE WXATHBB. 

_ ^ , 638. There is no reason to doubt that every 

I>o ebanges ia • , ... . , "^ 

u»e ▼«»»«» change m the weather is in stnct accordance 

occur insc- ,_*-' i/»» i»-i • i«t 

eordanco with With some definite physical agencies, which are 
fixed and certain in their operations. We 
can not, however, foretell with any degree of certainty 
the character of the weather for any particular time, be- 
cause the laws which govern meteorological changes are 
as yet imperfectly understood. 

There are, however, in all countries, certain ideas and pop- 
lar ideas re- ular proverbs respecting changes in the weather, the influ- 
St^ ftti the ®^^ ®^ *^® moon, the aurora borealis, etc., which are whcdly 
weather found- erroneous and unworthy of belief; since, when tested by 
ed on fact? long-continued observations, they are invariably found to be 

unsupported by evidence. 

Thus an examination of meteorological records, kept in different countries, 
through many years, proves conclusively that the popular notions concerning 
the influence of the moon on the weather has no foundation in any well- 
established theory, and no correspondence with observed facts. 

There is, however, some reason for supposing that rain falls more frequently 
about four days before fuU moon, and less frequently about four or five days 
before new moon, than at other parts of the month; but this can not be con- 
sidered as an established fact. In other respects, the changes of the moon 
can not be shown to have influenced in any way the production of ndn. 

There is also a current belief among many persons that timber should be 
cut during the decline of the moon. To test the matter, an experiment, on 
an extensive scale, was made some years since in France, when it was found 
that there was no difference in the quality of any timber felled in different 
parts of the lunar month. 

It is also supposed that bright moonlight hastens, in some way, the putre- 
faction of animal and vegetable substances. The facts in respect to this sup- 
X)oaition are, that on bright, dear nights, when the moon shines brilliantly, 
d2w is more freely deposited on these substances than at other times, and in 
this way putre&ction may be accelerated. With this result the moon has no 
connection. 

It is a traditional idea with many that a long and violent storm usually 
accompanies the period of the equinoxes, especially the autumnal ; but the 
examination of weather records for sixty-four years has shown that no 
particular day can be pointed out in the month of September (when the 
" equinoctial storm" is said to occur) upon which there ever was, or ever will 



292 WELLS'S KATUBAL PHILOSOPHT. 

be, a 80-caUed equinodaal stonn. The &ct^ however, should mot be conoealed, 
that, taking the average for the five days embracing the eqtdnox for Ibo 
period above stated, the amount of rain is greater than for any other firo 
days, by three per cent, throughout the month. 

Observations recorded for a long period have proved that the phenomenon 
of the aurora borealis, which is said to precede a storm, is as often ibilowei 
by &ir, as by foul weather. 

Meteorological records, kept for eighty yean at the oboerratofy of GrccTi- 
wicb, England, seem to show that g^ups of warm years alternate with coIJ 
ones in such a way as to render it probable that the mean annual tempera- 
tures rise and fall in a series of curves, corresponding to periods of about four- 
teen yeani. 

There is little doubt that scmie animals and insects are able to foretell 
changes in the weather, when man &ils to perceive any indications of tbo 
same. Thus some varieties of the land-snail only make their appearance be- 
fore a rsdn. Some other varieties of land crustaceous animals change their 
color and appearance twenty-four hours before a rain. 

For a light, short rain, some trees have been observed to incline their leaves, 
so as to retain water ; but for a long rain, they are so arranged as to conduct 
the water away. 

The admonition given several thousand years ago, is equally sound in its 
philosophy at the present day : " He that observeth the winds shall not sow ; 
and ho that regardeth the clouds shall not reap." — Ecdes.^ zi 4. 



CHAPTER XIV, 

LIGHT. 



whatifLightf 639. Light is the physical agent which oc- 
casions, by its action upon the eye^ the sensa- 
tion of vision. 

What is the 640. Optics is the name given to that de- 

sdence of Op- partmcnt of physical science which treats of 

vision, and of the laws and properties of light.' 

Between the eye and any visible object a space of greater or lees extent 
intervenes. In some instances, as when we look at a star, the extent of the 
space existing between the eye and the object seen is so great, that the miiid 
is unable to form any adequate conception of it. Yet we recognize the ex- 
istence of objects at such distances, by the physical effect which they prodace 
on our oigaos of vision. 

* From the Greek word " Oirro/ia(,** to aee. 
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'WTiat tbeoriei ^*^' "^ ^rder to explfflii how such a result ia possible, or 
of ligbt have in other words, to account for the origin of lighfci two theories 
been propowdf Yi&tq been proposed, which are called the Corpuscular and 
tho XJndulatort Theories. 

What fa the The Corpuscular Theory supposes that a 
Th^r^"^f distant object becomes visible to us by emit- 
Ligut? ^jjjg particles of matter from its surface, which 

particles of matter, passing through the intervening space 
between the visible object and the eye, enter the eye, and 
striking upon the nervous membrane, so aflfect it as to 
produce the sensation of light, or vision. 

According to this theory, there is a striking analogy or resemblance be- 
tween the eye and the organs of smelling. Thus, we recognize the odor of 
an object in consequence of the material partides which pass from the object 
to the organs of smelling, and there produce a -sensation. In the same 
manner, a visible object at any (^stance may be supposed to send forth parti- 
cles of light, which move to the eye and produce vision, by acting mechan- 
icallj on its nervous structure, as the odoriferous particles of a rose produce a 
sensible effect upon the organs of smelling. 

What if the The Undulatory Theory supposes that 
ThwiJjT*^^ there exists throughout all space an ethereal, 
elastic fluid, which, like the air, is capable of 
receiving and transmitting undulations, or vibrations. 
These, reaching the eye, affect the optic nerve, and pro- 
duce the sensation which we call light. 

According to this theory, there is a striking analogy between the eye and 
the ear ; the vibrations, or undulations of the ethereal medium being supposed 
to pass along the space intervening between the visible object and the eye in 
tiie same manner that the undulations of the air, produced by a sounding body, 
pass through the air between it and the ear. 

Whieh of the "^^ Corpuscular Theory was sustamed by Newton, and was 
two theories of for a long time generally believed. At the present day it ia 
•nj rece^ri^' ^^<^ entirely discarded, and the Undulatory Theory is now 
received by scientific men as substantially correct ; since it 
explains in a satisfactory manner nearly all the phenomena of light, which 
the Corpuscular Theory does not 

ir the Corpuscular Theory be correct, a common candle is able to fill for 
boura, with particles of luminous matter, a cuxjle four miles in diameter, since 
it would be visible, under favorable circumstances, in every portion of this 
space. Light, moreover, has no weight ; the largest possible quantity col- 
lected in one point and thrown upon the most sensitive balance, does not 
afiect it in the slightest degree. 
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What are the ^^^ cbief souices of light are tlie sim, the 
ofi^ht?*""** stars, &e or chemical action, electricity^ and 
phosphorescence. 

TJDder the h^ of chemical action are included all ^e forms of artificial 
light which are obtained bj the burning of bodies. Examples of light pro- 
duced by phosphorescence, as it is called, are seen in the glow of old and de- 
cayed wood, and in the light emitted by fire-flies and some marine animals. 

642. All bodies are either luminous or uou-lumiaous. 
What te a In. Lumiuous bodics are those which shine by 
minoaabodyr ^.j^^jp ^^j^ Ught ; such, for cxamplc, as the 
sun, the flame of a candle, metal rendered red hot, etc. 

All sotid bodies, when exposed to a sufficient degree of heat, become la- 
minous. It has been recently proved* that all solids begin to emit light at 
the same degree of heat, viz., 977^ of Fahrenheit's thermometer. Aa the 
temperature rises, the brilliancy of the light rapidly increases, so that at a 
temperature of 2600^ it is almost forty times as intense as at 1900<^. Graaes 
must be heated to a much greater extent before they begin to emit light. 

What is anon- Nou-lumiuous bodics are those which pro- 
luminouahodyf ^^^^ ^^ ygj^^ themselves, but which may be 

rendered temporarily luminous by being placed in the 
presence of luminous bodies. 

Thus, the sun, or a candle, renders objects in an apartment luminous, and 
therefore visible; but the moment the sun or candle is withdrawn, they be- 
come invisible. 

What are tians- Transparent bodies are those which do not 
parent hodicsy interrupt the passage of light, or which allow 
other bodies to be seen through them. Glass, air, and 
water are examples of very transparent bodies. 
What are Opaquc bodics are those which do not permit 
opaque bodies? Ugj^t to pass through them. The metals, 
stone, earth, wood, etc., are examples of opaque bodies. 

Tranaparencj and opacity exist in different bodies in very different degrees. 
We can not clearly explain what there is in the constitution of one mass of 
matter, as compared with another, which fits the one to transmit lights and 
the other to obstruct it; but the arrangement of the particles has undoubt- 
edly much influence. 

Strictly speaking, there is no body which is perfectly transparent^ or per- 
fectly opaque. Some light is evidently lost in passing even through space, 
and still more in traversing our atmosphere. It has been calculated that tho 
atmosphere, when the rays of the sun pass perpendicularly through it, inter- 
• By Prof. J. W. Dnper. 
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In irhat man- 
ner is light 
propagated? 



cept from one fifth to one fonrth of their h'ght: but when the enm is near the 
horizon, and the mafis of air through which the solar rajs pass is consequent!/ 
vastly increased in thickness, only l-212th part of their light can reach the 
sor&^ce of the earth. If our atmosphere, in its state of greatest density, could 
be extended rather more than 700 miles from the earth's sur&ce, instead of 
40 or 50, as it is at present, the sun's rays could not penetrate through it, 
and our globe would roll on in darkness. Bodies, on the contrary, which 
are considered as perfectly opaque, will, if made sufficiently thin, allow light 
to pass through them. Thus, gold-leaf transmits a soft, green light. 

643. Light, from whatever source it may be 
derived, moves, or is propagated in straight 
lines, so long as the medium it traverses is 
TiBiform. 

If we admit a sunbeam through a small opening into a darkened chamber, 
tbe path which the light takes, as defined by means of the dust floating in 
the air, is a straight line. 

It is for this reason that we are unable to see through a 
bent tube, as we can through a stra%ht one. 

In taking aim, also, with a gun or arrow, we proceed upon 
the supposition that light moves in straight lines, and try to 
make the projectile go to the deshred object as nearly as pos- 
Bible by the path along which the light comes firom the object to the eye. 

FiO. 229« 



"Wliat practical 
appUcatioiui are 
made of the 
movement of 
lightin Btraight 
lines? 




Thus, in Kg. 229, the line A B, which represents the line of sight, is also the 
direction of a Hne of light passing in a perfectly strtught direction from the 
object aimed at to the eye of the marksman. 

A carpenter depends upon this same principle for the purpose of determin- 
ing the accuracy of his work. If the edge of the plank be straight and uni- 
form, the light from all points of its surfece will come to the eye regularly and 
uniformly ; if irregularities, however, exist, they will cause the hght to be 
irregular, and the eye at once notices the confusion and the point which oc- 
casions it. 

^yy^atte amy 644. A ray of light is a line of particles of 
ofught? light, or the straight line along which light 

passes from any luminous body. 
A luminous body is said to radiate its light, because the light issues from 

it in every direction in straight lines. 
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When rays of light radiate from any lumin- 
dirergence of ous bodv, thev diverge from one another, or 

rajs of light ., J a.i_ J 

they spread over more space as they recede 
from their source. 

F^. 230 represents the manner of the diverg- Pig. 230. 

ence. 

whatuitheiaw The smfaccs covered, or 
of divergence? iUuminatcd by rays of 
light diverging from a luminous cen- 
ter, increase as the squares of the 
distances. 

Thus, a candle placed behind a window will iUuminate a certain space on 
the wall of a house opposite. If the wall is twice as far irom the candle as 
from the window, the space illuminated by it will be four times as lai^ as 
the window. If the wall be removed to three times the distance^ the snr&co 
covered by the lays of light will be nine times as large, and so on. 

A collection of radiating rays of light, as shown in Fig. 230, oonstitates 
what is called a '^pencil of light" 

A thousand, or any number of persons, are able to see tbe 
great number Same object at the same time, because it throws off from its 

of perrons able surfibce an infinite number of raya in all directions; and OQe 
to Bee the same "^ ' 

object at the person sees one portion of these rays^ and another person 
same time? another. 

Any number of rays of light are able to cross each other, in the same space; 
without jostling or inter&img. If a small hole be made &om one room to 
another through a thin screen, any number of candles in one room will shine 
through this opening, and illuminate as many spots in the other room as there 
are candles in this^ all their rays crossing in the same opening, without hinder- 
ance or diminution of intensity ; just as sounds of different character proceed 
through the air and communicate to the ear, each its own particular tone, 
without materially interfering with each other. 

Bays of light which continually separate as 
saf/uT'be'^S they proceed from a luminous source, are called 
vOTgiSI; ^d Diverging Kays. Eays which continually ap- 
^ ^ proach each other and tend to unite at a com- 

mon point, are called Converging Rays. Bays which move 
in parallel lines, are called Parallel Rays. 
What is a 645. When rays of light, radiated from a 
shadow? luminous point, through the surrounding 
space, encounter an opaque hody, they will (on account 
of their transmission in straight lines) he excluded from 
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Under vliat 
circumstances 
via the size of 
a sbadotr be 
increased or 
diminifihedf 



Fig. 231, 



the space beUnd such a body. The comparative dark- 
ness thus produced is called a shadow. 

"When the light-givmg sur&ce is greater than the body casting the shadow, 
a cross section of the shadow thrown upon a plane surface will be less than 
the body; and less, moreover, the further this surface is from the body, for 
tho shadowed space terminates in a point 

When the luminous center is smaller than the opaque body casting tho 
shadow, tho shadow will gradually increase in size with the distance, without 
limit; thus the shadow of a band held near a candle, and between a candle 
and the wall, is gigantic. \ , 

If the shadow of any object be thrown on a wall, the closer 
the opaque body is held to the light-producing center, as a 
candle, for example, the larger will be its shadow. The rea- 
son of this is, that the rays of light diverge from tho center 
in straight lines, like lines drawn from the center of a circle ; 
and therefore the nearer the object 
is held to the center, the greater 
the number of rays it intercepts. 
Thus, in Fig. 231, the arrow A, held 
close to the candle, intercepts a large 
number of rays, and produces tho 
shadow B F; while the same ar- 
row held at C, intercepts a smaller 
number of rays, and produces only 
the little shadow D E. 

When two or more luminous ob- 
jects, not in the same straight line, 
shine upon the same object, each one 
will produce a shadow. 

646. The intensity of light which issues 
from a luminous point diminishes in the same 
proportion as the square of the distance from 
the luminary increases. 

Thus, at a distance of two feet, the intensity of light will be one fourth of 
what it is at one foot; at three feet the intensity will be one ninth of what it 
is at one foot. In other words, the amount of illumination at the distance of 
one foot from a single candle would be the same as that ftom four, or nino 
candles at a distance of two or three feet, the numbers four and nine being 
the squares of the distances two, and three, from the center of illumination. 




Hov does the 
intensity of 
light Vary? 



Upon wliat 
pnnciple may 
the relative in- 
tensities of 
different ia- 
minoufl bodies 
be ascertained? 



64*7. This law, therefore, may be made available for meas- 
uring the relative intensities of light proceeding from different 
sources. Thus, in order to ascertain the relative quantities of 
light furnished by two different candles, as, for example, a 
wax and a tallow candle, place two discs or sheets of whit© 
13* 
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paper, a few feet apart on a waQ, and throw the light of one candle on one 
disc, and the light of the other candle upon the other disa If they are of 
unequal illuminating power, the candle which affords the most light must 
bo moved back until the two discs are equally illuminated. Then, by meas- 
uring the distance between each candle and the disc it illuminates, the lam- 
inous intensities of the two candles may be calculated, their relative intensi- 
ties being as the squares of their distances from the illuminated discs. If, 
when the discs are equally illuminated, the distance from one candle to its 
disc is double the distance of the other candle from its disc, then the first 
candle is four times more luminous than the second; if the distance be triple, 
it is nine times more luminous, and so on. 

Instruments called " Photometers,*^ operating in a similar manner, have also 
been constructed for measuring the relative intensity of two luminous bodies. 
Their arrangement and plan of operation is substantially the same as in tbo 
method described. 

648. The light of the sun greatly exceeds in 
most intense intensity that derived from any other lumin- 

light known? , C "^ 

0U8 body. 

The most brilliant artificial lights yet produced, are very far inferior to tlio 
splendor of the solar light, and when placed between the disc of the sun and 
the eye of the observer, appear as black spots. 

Dr. Wollaston has calculated that it would require twenty thousand mil- 
lious of the brightest stars like Sinus to equal the light of the sun, or that 
that orb must be one hundred and forty thousand times further from us than 
he is at present, to be reduced to the illuminating power of Sinus. 

The light of the full moon has also been estimated as eight hundred thou- 
sand times less intense than that of the sun. 

During the day the intensity of the sun's h'ght is so great as to entirely eclipso 
that of the stars, and render them invisible ; and for the same reason, we only 
notice the light emitted by fire-fiies and phosphorescent bodies in the dark. 

AretbemoT*. 6^9. Light does not pass instantaneously 
SsSStoneoM ? through space, but requires for its passage from 

one point to another a certain interval of time, 
withirhatve. The vclocity of light is at the rate of about 
tro^^***"*^^' one hundred and ninety-two thousand miles in 

a second of time. 
„ Light occupies about eight minuted in travelii^ from the 
lustrations of 8un to the earth. To pass, however, from the planet 
1? ht?*^*'^ **' Uranus to the earth, it would require an interval of three 

hours. 
The time required for light to traverse the space intervening between the 
nearest fixed stars and the earth, has been estimated at six years ; and from 
the farthest nebulas, a period of several hundred years would be requisite, so 
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immense is their distance from our earth. I^ therefbre, oae of the remote fixed 
stars were to-day blotted from the heavens, several generations on the earth 
would have passed away before the obliteration conld be known to man. 

The following comparison between the velocity of light and the speed of a 
locomotive engine has been instituted : — light passes from the smi to the 
earth in about eight minutes; a locomotive engine, traveling at the rate of 
a mile in a minute^ would require npward of one hundred and eighty years to 
accomplish the same journey. 

Who fifflt as. 650. The velocity of light was first deter- 
53Sd?yofii^htf ^^®d by Von Roemer, an eminent Danish 
astronomer, from observations on the satellites 
of Jupiter. 

EzDiain ihe ^^ method by which Von Roemer arrived at this result 
method hy may be explained as follows : — The planet Jupiter ia sur- 
lod^ of *light rounded by several satellites, or moons, which revolve about 
wmideterminBd it in certain definite tames. As they pass behind the planet, 
ofSn^te^wS *^®y disappear from the sight of an observer on the earth, or 
cUitcs. in other words, they undergo an edipso. 

The earth a^ revolves in an orbit about the sun, and in the course of its 
revolution is brought at one time 192 millions of miles nearer to Jupiter than 
it is at another time, when it is in the most remote part of its orbit Suppose, 
now, a table to be calculated by an astronomer, at the time of year when the 
earth is nearest to Jupiter, showing, for twelve successive months, the exact 
moment when a particular satellite would be observed to be eclipsed at that 
point Six months afterward, when the earth, in the course of its revolution, 
has att^ed a point 192 millions of miles more remote from Jupiter than it 
former^ occupied, it would be found that the eclipse of the satellite would 
occur sixteen minutes, or 960 seconds, later than the calculated time. This 
delay is oocaaioned by the &ct that the light has had to pass over a greater 
distance before reaching the earth than it did when the earth was in the op- 
posite part of its orbit, and ^ it requires six|»en minutes to pass over 192 mil- 
lions of miles, it will require one second to move over 200,000 miles. When, 
on the contrary, the earth at the end of the succeeding six months has as- 
sumed its former position, and is 192 millions of miles nearer Jupiter, the 
eclipse wOl occur sixteen minutes earlier, or at the exact calculated time given 
in the tables. The velocity of light, therefore, in round numbers, may be con- 
sidered as 200,000 miles per second.* A more exact calculation, founded on 
perfocUy accurate data, gives as the true velocity of light 192,500 mUes per 
second. 

* The ezplanation above given ▼ill be made dear by referenee to the fonoTriQg dia- 
gram. Fig. 232. S repreaentB «lie sui, a MOie orbit of the earth, and T IV the position of 
the earth at dUbrent and opposite points of its orbit J represents Jnpiter, and E its 
satellite, about to be ecUpsed by passing within the shadow of the pUnet. Now the time 
of the commencement or termination of an eclipse of the satellite, is the instant at which 
the satellite would appear, to an observer on the earth, to enter, or emerge i^m the 
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Several other plans have been devised for determining the velcdtj of light, 
the results of which agree very nearly with those obtained by the observationa 
on the satellites of Jupiter.'*' 

When is light 651. When a ray of light strikes against a 
reflected? Burfkce, and is caused to turn back or rebound 
in a direction different from whence it proceeded, it is said 
to be reflected. 

What is ab- 652. When rays of light are retained upon 
iw^tt*" **^ ^^^ surface upon which they fall, they are said 
to be absorbed ; in consequence of which their 
presence is not made sensible by reflection. 

The question as to what becomes of the light which is absorbed by a body, 
can not be satis&ctorily answered. In all probability it is permanently re- 
tained within the substance of the absorbing body, since a body which absorbs 
light by continued exposure, does not radiate or distribute it again in any 
way, as it might do if it had absorbed heat. 

shadow of the planet. If the transmission of light xrere instantaneous, it is obvions that 
an observer at T', the most remote part of the earth*s orbit, would see the eclipse begin 
and end at the same moment as an observer at T, the part of the earth's orbit nearest to 
Jupiter. This, however, is not the case, but the observer at T' sees the eclipse 960 sec- 
onds later than the observer at T ; and as the distance between these two stations is 198 
millions of miles, we have, as the velocity of light in one second, 192,000,000-»-960= 
200,000. 

Fio. 232. 




♦ A very ingenious plan was devised a few years since by M. Fizean of Paris, by which 
the Telocity of artificial light was determined and found to agree with that of solar lighL 
A disc, or wheel, carrying a certain number of teeth upon its circumference, was made to 
revolve at a known rate ; placing a tnbe behind these, and looking at the open spaces be- 
tween the teeth, they become less evident to sight, the greater the velocity of the moving 
wheel, until. At a certain speed, the whole edge appears transparent. The rate at whicli 
the wheel moves being known, it Is easy to determine the time occupied while one tooth 
passes to take the place of the one next to it. A ray of light is made to traverse many 
miles through space, and then passes through the teeth of the revolving disc It mores 
the whole distance in just the time occupied in the movement of a single tooth to the place 
of another at a certain q^eed. 
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SECTION I. 

aSPLBOTION OP LIGHT. 

What oecars 6^3. When lajs of light fall upon any gur- 
?;^'n u5y*sS! face, they may be reflected, absorbed, or 
^^**' transmitted. Only a portion of the light, 

liowever, which meets any surface is reflected, the remain- 
der being absorbed, or transmitted. 

When does «i ^54. When the portion of light reflected 
Ivhite and when ^^^^ ^uy surfacc, or point of a surface, to the 
dark? QjQ jg considerable, such surface, or point, ap- 

pears white ; when very little is reflected, it appears dark- 
colored ; but when all, or nearly all the rays are absorbed, and 
none are reflected back to the eye, the surface appears black. 

Thus, charcoal is black, because it absorbs all the light which falls upon it, 
and roflccts none. Such a body can not be seen unless it is situated near 
other bodies which reflect light to it. 

According to a variation in the manner of reflecting light, the same surfaco 
which appears white to an eye in one position, may appear to be black from 
another point of view, as frequently happens in the case of a muror, or of 
any other bright, or reflecting surface. 

What «ro good Denso bodies, particularly bright metals, 
r^flw^rs of reflect light most perfectly. The reflecting 
power of other bodies decreases in proportion 
to their porosity. 

How are non- 655. All bodics Bot iu themsclves luminous, 
!S!dS?M ^S!" ^come visible by reflecting the rays of light. 

^*®^ It is by the irregular reflection of light that most objects in 

nature az^ rendered visible ; since it is by rays which are dispersed from re- 
flecting surfaces, irregularly and in every direction, that bodies not exposed 
to direct light are illuminated. If light were only reflected regularly from the 
Rurface of non-luminous bodies, we should see merely the image of the lumin- 
ous object, and not the reflecting sui&ce.* In the day-time, the image of the 
sun would be reflected from the surface of all objects around us, as if they 
were composed of looking-glass, but the objects themselves would be invisi- 
ble. A room in which artificial lights were placed would reflect these lights 
from the walls and other objects as if they were mirrors, and all that would 
bo visible would be the multiplied reflection of the artificial lights. 

* In a very good mirror wo Bcarody peroeiTe the refleeting larfaee inierrening Iratveea 
us and the images it ihows lUk 
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"Wliat eff ct hM ""^^ atmosphere reflects light irregularly, and eveiy particle 
the atmosphere of air IS a luininous center, which radiates light in eyery direo 

SSSTofSghtT^' *^^°* ^^^ ^* ^^* ^^^ **^ *^® ^^'^ ^^* ^^^^ ^^y^ illumi- 
nate those spaces which are directly accessible to its rays, and 
darkness would instantly succeed the disappearance of the sun below the hodzon. 

656. Any surface which possesses the power 
of reflecting light in the highest degree is called 



What is a 
Minor? 

a MlBBOB. 



Into how many 
olassee are mir- 
rors divided r 




Mirrors are divided into three general classes^ 
without regard to the material of which they con- 
sist, viz.. Plane, Concave, and Convex Mirrors. 

These three varieties of mirrors are represented in Fig. 
233; Ay being plane, like an ordinary looking-glass; B, 
concave, like the inside of a watch-glass; and C, convex; 
like the outside of a watch-glass. 

What is the 667. When light falls upon 
fhT^reflJtion » plane and polished surface, 
of light? ^jje angle of reflection is equal 

to the angle of incidence. 

This is the great general law which governs the reflec- 
tion of light, and is the same as that which governs the 
motion of elastic bodies. 
Thus, in Fig. 234, let A B he the direction of an ind- 

FlO. 234. ^®°* ^y of light, falling on a mirror, P 0. 

P It will be reflected in the direction B K 

If we draw a line, D B^ perpendicular to 

the sur&ce of the mirror, at the point of 

reflection, B, it will be found that tho 

angle of incidence, A B D, is precisely 

equal to the angle of reflection, E B D. 

The same law holds good in 

regard to every form of surface, curved as well as plane, 

since a curve may be supposed 
to be formed of an infinite num- 
ber of little planes. 

Thus, in Fig. 235, the incident ray, E G, 
falling upon the concave surface, a C 2», 
will still be reflected, in obedience to tho 
same law, in the direction B, the angle 
being reckoned ftom the perpendicular to 
that point of the curve 'vi^ere the incident 
ray Mia, The same will also be true of 
the convex sur&ce, A C B. 
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whattsmeont 658. An image, in optics, is the figure of 
b/aninuge? g^,jy objoct made by rays proceeding from the 
several points of it. 

What is a com 659. A common looking-glass consists of a 
mon ^ loo ng. gjg^gg plate, having smooth and parallel sur- 
faces, and coated on the back with an amalgam* of tin 
and quicksilver. 

Howaretiieta- ^^® imagesformcd inacommon looking-glass 
j^jj^™4jn are mainly produced by the reflection of the 
rays of light fix)m the metallic surface attached 
to the back of the glass, and not from the glass itself. 

The effect may be explained as follows; — A portion of the light incident 
upon the anterior sur&ce is regolarly reflected, and another portion irregu- 
larly. The first produces a very feint image of an object placed before tho 
glass, while the other readers the surfeoe of the glass itself visible. Another, 
and much greater portion, howcTer, of the light Ming upon the anterior sur- 
face passes into the glass and strikes upon the brilliant metallic coating upon 
the back, from which it is regularly refieicted, and returning to the eye, pro- 
duces a strong image of the object There are, therefore, strictly speaking, 
two images formed in every looking-glass— the first a feint one by the light 
reflected regularly fix>m tko anterior surfece, and the second a strong one by 
the light reflected from the metallic surfeoe; and one of these images will be 
before the other at a distance equal to the thickness of the glass. In good 
mirrors, the superior brilliancy of the image produced by the metallic surface 
will render the faint image produced by the anterior smfaoe invisible, but in 
glasses badly silvered, the two images may be easily seen. 

If the surfaces of the mirror could be so highly polished as to reflect regu- 
larly all the light incident upon it, the mirror itself would be invisible, and the 
observer, receiving the reflected light, would perceive nothing but the images 
of the objects before it. This amount of polish it is impossible to effect arti- 
fidally, but in many of the large plate-glass mirrors manufactvred at the pres- 
ent time, a high degree of perfection is attuned. Such a minor placed ver- 
tically against the wall c^ a room, appears to the eye merely as an opening 
loading into another room, precisely similar and similarly furnished and illum- 
inated ; and an inattentive observer is only prevented from attempting to 
walk through such an apparent opening by encountering his own image as 
he approaches it. 

, ^ 660. A plane mirror only changes the direc- 

In what man- , ai /•ft.i»-infi • 

ner does a tion of the rays of light which fall upon it, 
reflect S^of without altering their relative position. If 
light? ^^^y ^^^ ^p^^ .^ perpendicularly, they will be 

* An amalgam is a mixture or compound of quicludlver and some other metal. 
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When wiU the 
image in a 
looking-glaRS 
nppear diBtort- 
ed? 

How is an ap- 
parent change 
of place caused 
by reflection ? 



reflected perpendicularly ; if they fall upon it obliqttoly, 
they will be reflected obliquely ; the angle of reflection 
being always equal to the angle of incidence. 

If the two surfaces of mirrors are not parallel, or uneTren, 
then the rays of light falling upon it will not be reflected regu- 
larly, and the image will appear distorted. 

661. We always seem to see an object in tlio 
direction from which its rays enter the eye, J^ 
mirror, therefore, which, by reflection; changes 
the direction of the rays proceeding from an 
object, will change the apparent place of the object. 

Thus, if the rays of a candle fall obliquely upon a mirror, and are reflected, 
to tho eye, we shall seem to see the candle in the mirror in the direcUoa 
in wliich they proceed after reflection. 

If we lay a looking-glass upon the floor, with its fece uppermost, and placo 
a candle beside it, the image of the candle will be seen in the mirror, by a 
person standing opposite, as inverted, and as much below the surface of the 
glass as the candle itself stands above the glass. The reason of this is, that 
the incident rays from the candle which fall upon the mirror are reflected to 

the eye in the samo 
^^' 236. direction tliat they 

would have taken, had 
they really come from 
a candle situated as 
much below the stir- 
face of the glass, as 
the first candle was 
above the surface. 
This fact wiU be 
clearly shown by re- 
ferring to Fig. 236. 
When we look hito a plane mirror (the common looking-glass) the rays of 
light which proceed from each point of our body before the mirror will, after 
reflection, proceed as if they came from a point holding a correspon&g posi- 
tion behind the mirror ; and therefore produce the same effect upon tho cyo 
of the observer as if they had actually come from that point The imago 
in the glass, consequently, appears to be at the same distance behind the 
surface of the glass, as the object is before it 

Let A, Fig. 237, be any point of a visible object placed before a looking- 
glass, M N. Let A B and A be two rays diverging from it, and reflected 
fVorn B and to an eye at 0. After reflection they will proceed as if they 
had issued fi^m a point, a, as ^ behind the surface of the looking-glass 
as A is before it — ^that is to say, the distance A N will be equal to the 
distance K a. 
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237. 
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For this reason our reflection in 
a mirror seems to approach us when 
we walk toward it, and to retire 
from us as we retire. 

Upon the same principle, when I 
trees, buildings, or other objects 
are reflected from the horizontal | 
surface of a pond, or other smooth 
sheet of water, they appear in- 
Tcrtcd, since the light of the object, 
rsflected to our eyes from the I 
surfiice of the water, comes to us 
with the same direction as it 
would have done, had it proceeded 
directly fh)m an inverted object | 
in the water. 
In fig. 238, the light proceed- ' 

Fia. 238. ^°8 ^ro™ *h6 arrow-head, A, strikes the water 

at F, and is reflected to D, and that from 
the barb, B, strikes the water at E, and is 
reflected to C. A spectator standing at Or 
will see the reflected rays, E G and F G, as 
if they proceeded directly from C and D, and 
the image of the arrow will appear to be lo- 
! cated at G D. 

It is in accordance with the law that the 
angles of incidence are equal to the angles of 
reflection, that a person is enabled to see his whole figure reflected from the 
sur&ce of a comparatively small mirror. Thus, in Fig. 239, let a person, G D, 
FiQ. 239. be placed at a suitable distance from a mir- 

c A ^ ror, A B. The rays of light, C A, proceed- 

ing from the head of the person. Ml perpen- 
dicularly upon the mirror, and are therefore 
reflected back perpendicularly, or in the 
same line; the rays B D proceedmg fh)m 
P " the feet, however, fall obliquely upon the 
mirror, and are therefore reflected obliquely, and reach the eye in the same 
direction they would have taken had they proceeded from the point F behind 
the mirror. 




I 



662. The quantity of light reflected from a 
given surface, is not the same at all angles, or 
inclinations. When the angle or inclination 
with which a ray of light strikes upon a reflecting surface 
is great, the amount of light reflected to the eye will bo 



Is the samo 
quantity of light 
reflected at all 
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coDsiderable ; when the angle^ or inclination is small^ the 
amount of light reflected will be diminished. 

Thus, for example when light falls perpendicularly upon the sulfate of 
glass, 26 rays out of 1,000 are returned ; but when it iaHa at an angle of 
85^, 550 rays out of 1,000 are returned. 

Thus, a surface of unpolished glass produces no image of an object bj ro 
flection when the rays fiiU on it nearly perpendicularly ; but if the fiamo of a 
candle be held in such a position that the rays fall upon the surface at a veiy 
small angle^ a distinct image of it will be seen. 

We haye in this an explanation of the fact, that a spectator standing upon 
the bank of a river sees the images of the opposite bank and the objects upon 
it reflected in the water most distinctly, while the images of nearer objects 
are seen imperfectly, or not at aU. Here the rays coming from the distant 
objects strike the sm&ce of the water very obliquely, and a sufficient number 
are reflected to make a sensible impression upon the eye ; while the rays pro- 
ceeding from near objects strike the water with little obliquity, and the light 
reflected is not sufficient to make a sensible impression upon the eye. 

This &ct may be clearly seen by reference to £1g. 240. 

TiQ. 240. 




Let S be the position of the spectator ; and B l^e position of distant 
objects. The rays B and B B which proceed from them, strike the sm&oe 
of the water very obliquely, and the light which is reflected in the direction 
B S is sufficient to make a sensible impression upon the eye. But in regard 
to objects, such as A, placed near the spectator, they are not seen reflected, 
l)ecause the rays A B^ which proceed from them strike the water with but 
little obliquity; and consequently, the part of their light which is reflected 
iu the direction B' S, toward the spectator, is not sufficient to produce a sen- 
sible impression upon the eye. 

What is the 663. If an object be placed between two 
pSSuei'^^puSS plane mirrors, each will produce a reflected 
mirrorB f image, and will also repeat the one reflected 

by the other — ^the image of the one becoming the object 
for the other. A great number of images are thus pro- 
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daced, and if the light were not gradually weakened hy 
loss at each successive reflection^ the number would be in- 
finite. 

If the minors are placed so as to form an angle with each other, the num- 
ber of mutual reflections will be diminished, proportionably to the extent of 
the angle faniied hy \hQ mirrors. 

T> -<i. .1. '^^Q construction of the optical instrument called the Kalci- 

Descnoe the . .. ■,., , ,.,. . 

Kaleidoscope. doscope IS based smiply upon the multiphcation of an imago 

by two*or more mirrors inclined toward each other. It con- 
sists of a tube containing two or more narrow strips of looking-glass, which 
run through it lengthwise, and are generally indmed at an angle of about 
60^. If at one end of the tube a number of small pieces of colored glass 
and other similar objects are placed, they will be reflected fix)m the mirrors 
in such a way as to form regular and most elegant combinations of figures. 
An endless variety of symmetrical combinations may be thus formed, since 
every time the instrument is moved or shaken the objects arrange themselves 
dififerently, and a new figure is produced. 

Upon the stti&ce of smooth water the sun, when it is nearly 
vertical, as at noon, appears to shine upon only one spot, 
all the rest of the water appearing dark. The reason of this 
is, that the rays M at various degrees of obliquity on the 
water, and are reflected at similar angles ; but as only those 
which meet the eye of the spectator are visible, the whole sur- 
face will appear dark, except at the point where the reflection occurs. 



Why does the 
Ban appear at 
noon to shine 
at only one 
point npon the 
mirfiftce of 
▼aterf 



Fig. 24L 



Thus, m Fig. 241, of the rays 
S A, S B, and S 0, only the ray 
S meets the eye of the specta- 
tor, n. The point C, therefore, 
will appear luminous to the spec- 
tator D, but no other part of the 
surface. 

Another curious optical pheno- 
menon is seen when the rays of 
the sun, or moon fall at an angle 
upon the surface of water gently 
agitated by the wind. A long, 
tremulous path of Hght seems to 
be formed toward the eye of tbo 
spectator, while all the rest of the 
Bur&ce appears dark. The reason 
of this appearance is, that every little wave, in an extent perhaps of miles, has 
some part of its rounded surface with the direction or obliquity which, accord- 
ing to the required relation of the angles of incidence and reflection, fits it to 
reflect the light to the eye, and hence every wave in that extent sends its mo- 
mentary gleam, which is saooeeded by others. 
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cave Mirror 1 



How are paral- 
lel raya reflect- 
ci from a con- 
care mirror? 
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664. A concave mirror maybe considered 
as the interior surface of a portion^ or segment 
of a hollow sphere. 

This is clearly shown in Fig. 243. 

A concave mirror maj be represented by a bright spoon, or the reflector of 

a lantern. 

When parallel rays of light fall upon the 
surface of a concave mirror, they are reflected 
and caused to converge to a point half way 
between the center of the surface and the center of the 
curve of the mirror. This point in front of the mirror is 
called the principal focus of the mirror. 

Thus, in Fig. 242, let 1, 2, 3, 4, etc., be 
parallel rays falling upon a concave mir- 
ror; they will, after reflection, be found con 
verging to the point o, the principal focus, 
which is situated half way between the 
center of the sur&ce of the mirror and 
the geometrical center of the curve of the 
mirror, a. 

Why are con- 665. CoUCave 

StdSn" niirrors are some- 
mirrors? times designated 

as "Burning Mirrors/' since 
the rays of the sun which fall upon them parallel, are re- 
flected and converged to a focus (fire-place), where their 
light and heat are increased in as great a degree as the 
area of the mirror exceeds the area of the focus.* 

666. Diverging rays of light issuing from a 




In irhat man- 
ner are diyerg- 

flected from a of a coucave sphcrical mirror, will be reflected 



luminous body placed at the center of the curve 



concave 
ror? 



mir* 



back to the same point from which they diverged. 

* A burning mirror, 20 inches in diameter, eonstmcted of plaster of Paris, gilt and bar- 
nished, has been found capable of igniting tinder at a distance of 60 feet It is related 
that Archimedes, the philosopher of S3rracuse, employed burning mirrors 200 years before 
the Christian era, to destroy the besieging navy of Marcellus, the Roman consul ; his 
mirror was probably constructed of a great number of flat pieces. The most- remarkable 
experiments, however, of this nature, were made by Buffon, the eminent French natural- 
ist, who had a machine composed of 108 small plane mirrors, so arranged that they all 
reflected radiant heat to ttie same focus. By means of this combination of reflecting sur- 
faces he was able to set wood on fire at the dlstanoe of 209 feet, to melt lead at 1(^ 
and sUyer at 50 feek 
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Fig. 244 







Fig. 243. Thus, If A B, Tig, 243^ were a concave spheri- 

cal mirror, of which were the center, rays issu- 
ing from C wonldf in obedienoe to the law that 
the angle of incidence and reflection are equal, 
meet again at 0. 

Diverging rays falling on a spheri- 
cal concave mirror, if they issue from 
the principal focus, half way between the center of the sur- 
face and the center of the curve of the mirror, will be re- 
flected in parallel lines. 

Thus, in Fig. 244, if F represent a can- 
dle placed before ftconcaye mirror, ABO, 
half way between the center of its sur&ce, 
B, and the center of its curve, 0, its rays, 
falling upon the micror, will be reflected ^ 
in the parallel lines defgK 

This principle is taken advantage of in 
the arrangement of the iUnminating and 
reflecting apparatus of light-houses. The lamps are placed before a concave 
mirror, in its principal focus, and the rays of light proceeding from them are 
reflected parallel from the sur&ce of the mirror. 

When the rays issue firom a point, P, Fig. 
245, beyond the center, C, of the curve of the 
mirror, they will, aflier reflection, converge to 
a focus, /, between the principal focus, F, and 
the center of the curve, 0. 

On the contrary, if the rays issue from a 
point between the principal focus, F, and the 
sur&ce of the mirror, they will diverge after 
reflection. 

66T. Imaffcs are formed by concave mirrors 
formed by oon- m thc samc mauucr as by plane ones, but tney 
**^^ " are of different size from the object, their gen- 
eral effect being to produce an image larger than the 
object. 

When an object id placed between a concave 
_ formed mirTor and its principal focus, the image will 
mirror Si^5Sg! appear larger than the object, in an erect posi- 
tion and behind the mirror. 
This will be apparent from Fig. 246. Let a be an object situated 
within the focus of the mirror. The rays from its extremities will fall 
divergent on the mirror, and be reflected less divergent to the eye at ^ 



Fig. 245. 
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m thoiigh they proceeded from an ob- 
ject behind the mirror, aa at &. To an 
eye at 6 also, the image will appear 
larger than the object o^ aince the angle 
of vision is larger. 

If the rays proceed from a distant body, 
as at E D., Kg. 247, beyond the cen- 
ter, E, of a spherical concave mirror, C, 
they will, after reflection, be converged to 
a focoB in firtmt of the minor, and some- 
what nearer to the center, 0; than the pria- 
npon any 



Fio. 247. 




cipal focos, and there punt 
substance placed to receive it, an im- 
age inverted, and smaller than the object; 
this image will be very bright^ as all the 
light incident upon the minor ^nll be gath- 
ered into a small space. Aa the object 
approaches the mirror, the image recedes 
from it and approaches C ; and when situ- 
ated at 0, the center of the curve of the mirror, the image will be reflected 
as large as the object ; when it is at any point between and/ suppodog / 
to be the focus for parallel rays, it will be reflected, enlarged, and more dis- 
tant from the mirror than the object, this distance increasing, until the ob- 
ject arrives at/, and then the unage becomes infinite, the rays being reflected 
paralleL* 

668. When an object is further f5rom the 
surface of a concave mirror than its principal 
focus, the image will appear inverted ; but 
when the object is between the mirror and its 
principal focus, the image will be upright, and 

increase in size in proportion as the object is placed nearer 

to the focus. 

The fact that images are formed at the foci of a concave mirror, and that by 
vaiying the distance of objects before the sur&oe of the mirror, we may vary 
the position and size of the images formed at such foci, was often taken ad- 
vantage of in the middle ages to astonish and delude the ignorant Thus, 
tho mirror and the object being concealed behind a curtain, or a partition, and 
the object strongly illuminated, the rays ih>m the object might be reflected 
from the mirror in such a manner as to pass through an opening in the screen, 
and come to a focus at some distance beyond, in the air. If a doud of smoko 

* )n all the eaaes referred to, of the refleetion of light fh>m concave mirron, the aper- 
ture or curvature of the mirror ia presumed to be inoonaiderable. If it be increased bo* 
yond a certidn limit, the rays of li£^t Incident upon it are modified in their refleetion 
from its surface. 
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fitnn bnnimg inoeoae were caused to ascend at this point, an imago would be 
formed upon it, and appear suspended in the air in an apparently supernatural 
maimer. In this way, terrifying i^paritions of skulls^ daggers, etc., were 
produced. 

669. A Convex Mirror may be considered 
as any given portion of the exterior surface of 
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The principal focus of a convex mirror lies 
as far behind the reflecting surface as in con- 
cave mirrors it lies before it. (See § 664) 
The focus in this case is called the virtual focus, because 
it is only an imaginary point, toward which the rays of 
reflection appear to be directed. 

Thus, let ah c d t^ Fig. 248, be 
parallel rays incident npon a convea: 
minor, A B, whose center of curyature 
is 0. These rays are reflected diverg- 
ent» in the directions a' V c' d* e\ as 
though they proceeded firom a point, 
F, behind the mirror, corresponding 
to the focus of a concave mirror. 

If the point be the geometrical 
center of the curve of the mirror, the 
pomt F will be half way between 
and the sur&ce of the minor; as this 
focus is only apparent, it is called the virtual focus. 

Kays of light falling upon a convex mirror, 
diverging, are rendered still more divergent by 
reflection from its surface ; and convergent 
rays are reflected, either parallel or less con- 

FiG. 249. 

670. The general effect 
of convex mirrors is to 
produce an image smaller 
than the object itself. 

Thus, in Fig. 249, let D E be an object placed 
before a convex mirror, A B ; the rays proceed- 
ing from it will be reflected from the convex sur- 
fooe to the eye at H K, as though they proceeded 
from an object, d c, behmd the mirror, thus pre- 
senting an image smaller, erect, and much nearer 
the mirror than the object. 
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Thus the globular bottles filled wHh colored liqtdd, in &e window of a 
drug-store, exhibit all the rariety of moving scenery without^ snch. as car- 
riages, carts, and people moving in different directions: the upper half of 
each bottle exhibiting all the images inverted, while the lower half exhibits 
another set of them in the erect position. 

Convex mirrors are sometimes called dispersing mhrrors, as aH the rays oi 
tight which &11 upon them are reflected in. a diverging direction. 

What !■ ca. 671. That department of the science of 
toptricaf optics which treats of reflected light, is often 
designated as Catoftbics. 

SECTION II. 

SEFBACTION OF LIQHT. 

What i> meant ^^^S^* traverses a given transparent s| 
by the n^^ws- gtance, such as air, water, or glass, in a str 

tion of light? ' f ^7 o ? 

line, provided no reflection occurs and ther^ 
no change of density in the composition of the mediui] 
but when light passes obliquely from one medium to aS 
other, or from one part of the same medium into anothll 
part of a different density, it is bent from a straight line,^ 
or refracted. 

whatii a me- 672. A mcdium, in optics, is any substance, 
dium in optica? g^jj^^ liquid, Or gaseous, through which light 
can pass. 

A medium, in optics, is said to be dense or rare, according to its power of 
refracting light, and not according to its specific gravity. Thus alcohol, oUve 
oil, oil of turpentine, and the like substances, although of less specific gravity 
than water, have a greater refractive power ; thej are, therefore, called denser 
media than water. 

673. The fundamental laws which govern the refiraction of light may be 
stated as follows : 

wiiat laws gov- Whcu light passcs from one medium into 
tionSughi?'^" aiiother, in a direction perpendicular to the 
surface, it continues on in a straight line, with- 
out altering its course. When light passes obliquely from 
a rarer into a denser medium, it is refracted toward a 
perpendicular to the surface, and this refraction is in- 
creased or diminished in proportion as the rays fall more 
or less obliquely upon the refracting surface. 



BEFRACTION OF LIGHT. 



313 




When light passes obliquely out of a denser into a rarer 
medium, it passes through the rarer medium in a more 
oblique direction, and further from a perpendicular to the 
surface of the denser medium. 

j,j-. 250. Thus, in Fig. 250, suppose n m to represent the 

I surfece of water, and S a ray of light striking 
upon its surface. When the ray S enters tho 
water, it will no longer pursue a straight course, 
but win be refracted, or bent toward the perpen- 
dicular line, A B, in the direction S 0. The denser 
the water or other fluid may be, the more the ray 
S H will be refracted, or turned toward A B. 
I I^ on the contrary, a ray of light, H 0, passes from 
[tiie wat*3r into tha air, its direction after leaving tho water will be further from 
Ich6 pcrpeadicukr A 0, in the direction S. 

The offex^ta of tliu refraction of iFiG. 261. 

[l^bt lunj be illuatrai-od by the fol- 
[ lowing simplo exjkfsrlmonc: — Let a 
rogm or any other oljject be placed 
ait tho bottom of a bowl, as at w, 
J^ig, 2G1, in iSMoh n, manner that the 
eve at a can not porctiivo it, on ac- 
count of tha odgo of the bowl which 
iatervcncs and obstructs the rays of 
light. If now aji jittendant care- 
fully pouni watti" into the vessel, the 

<x>m rises into view, just as if the bottom of tho basin had been elevated 
abovo it3 real level This is owmg to a refraction by the water of the rays 
qf %ht procL'oding from the com, whidi are thereby caused to pass to tho 
eye in tho diroetion * j. The image of the coin, therefore, appears at «» in tho 
dirwtion of these rays^ instead of at m^ its true poEfltion. 

A straight stack, partly immersed ui water, appears to be broken or bent 

at the point of immereion. This is owing to the &xit that the rays of hght 

pn)ceeding from the part of the stick contained in the water are refracted, or 

Fia 252 caused to deviate from a straight line as they pass from tho 

water into the air ; consequently that portion of the stick 

unmersed in the water will appear to be lifted up, or to 

be bent in such a manner as to form an angle with tho 

part out of the water. 

The bent appearance of the stick in water is represented 
in Fig. 252. For the same reason, a spoon in a glass of 
water, or an oar partially immersed m water, always ap- 
_ - J pears bent. 

On aooount of this bending of Ught ftom objects under water a Per^on who 
endeavors to strike a fish with a spear, must^ unless directly above the fish, 

14 





314 WELLS'S NATUEAL PHILOSOPHY. 

aim at a point apparently below it, otherwise the weapon will miss, hy pass- 
ing too high. 

A river, or any clear water viewed obliquely from the bank, appears more 
shallow than it really is, since the light proceeding from the objects at tUo 
bottom, is refracted as it emerges from the surlace of the water. The depth 
of water, under such circumstances, is about one third more than it appear?, 
and owing to this optical deception, persons in bathing are Kablo to get be- 
yond their depth. 

Lis^ht, on entering: the atmosphere^ is re- 
pherto refirac- iracted in a greater or less degree^ la j^opor- 
tion to the density of the air; conseqxientlyj 
as that portion of the atmosphere nearest tl^e sarfiice 
of the earth possesses the greatest density^ it must also 
possess die greatest refractive power. 

-nru X i» ^ V From this cause the sun and other celestial bodies are never 

What effect has ... . . •. , , 

refraction upon Been m their true situations, unless they happen to be verti- 

ihe S'^y***'' **' ^ J '^^ *^® "^^'^^ ^®y *^ ^ *^® horizon, the greater will 
be the influence of refraction in altering the apparent place of 
any of these luminariesL 

This forms one of the sources of error to be allowed for in all astronomical 
observations, and tables are calculated for finding the amount of refrtustion, 
depending on the apparent altitude of the object, and the state of the barom- 
eter and thermometer. When the object is vertical, or nearly so, this error 
is hsurdly sensible, but increases rapidly as it approaches the horizon ; so that, 
in the morning, the sun is rendered yisible before he has actually risen, and 
in the evening, after he has set 

For the same reason, morning does not occur at the in- 
^se of twi- ''*^"^* ^^ *^® sun's appearance above the horizon, or night 
light? set in as soon as he has disappeared below it. But both 

at morning and evenmg, the rays proceeding frx)m the sun 
below the horizon are, in consequence of atmospheric refraction, bent 
down to the surface of the earth, and thus, in connection with a reflect- 
ing action of the particles of the air, produce a lengthening of the day, termed 
twilight 

In what man- "^^ ^^ density of the air diminishes gradually upward from 
ner ia light re- the earth, atmospheric refraction is not a sudden change of 
aS^'o^ph JreV*^ direction, as in the case of the passage of light from air into 
water, but the ray of light actually describes a curve, being 
refracted more and more at each step of its progress. This applies to 
the light received from a distant object on the surface of the earth, which ia 
lower or higher than the eye, as well as to that received from a celestisd ob- 
ject, since it must pass through air constantly increaang or diminishinig in 
density. Hence, in the engineering operation of leveling, this refraction must 
be taken into consideration. 
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6'r4 The application of the laws of refraction of light ao- 
count lor many corkms deeeptiye appearances in the at* 
mosphere, which are included under the general name of 
In these phenomena, the images Of objects far remote are seen at an 
olovation in the atmosphere, either erect or inverted. Thus travelers upon a 
desert, where the sur&ce of the earth is highly heated by the sun, are often 
deceived by the appeanudce of water in the distance, surrounded by trees aud 
villages. In the same manner at sea, the images of vessels at a great distance 
and below the horizon, will at times appear floating in the atmosphere. Such 
appearances are frequently seen witii great distinctnesB upon the great Amer- 
ican lakes. These phenomena appear to be due to a change in the density of 
the strata of air which are immediately in contact with the surface of the earth. 
Thus it often happens that strata resting upon the land may be rendered much 
hotter, and those resting upon the water much cooler, by contact with the 
sur&ce, thaa other strata occupying more elevated posttionSa Bays^ there- 
fore, on proceeding from a distant object and traversing these strata, will be 
unequally reflected, and caused to proceed in a curvilinear direction; and in 
this way an object situated behind a hill^ or below the horizon, may be 

brought into view and appear suspend- 
ino. 253. -*^ ed in the air. This may be readfly 

understood by reference to "Fig. 263. 
Suppose the rays of light from the 
ship. Si below the horizon to reach 
the eye, after assuming a cm*vilinear 
direction by passing through strata of 
air of varying density; then, as an 
.<! object always appears in the direction 
in which the last rays proceeding from 
it enter the eye^ two images will be seen in the direction of the dotted 
lines, one of them being inverted. 

These phenomena may be sometimes imitated. Thus, if we look along a 
red hot bar of iron, or a mass of heated charcoal at some image, a short dis- 
tance ttom it, an inverted reflection of it will be seen. In the same manner, 
if we place in a glass vessel liquids of different densities, so that they float 
one above another, and look tiirough them at some object, it will be seen 
distorted and removed teom its true place, by reason of the unequal reflactive 
and reflective powers of the Mquids employed. 

675. The angle of refraction of light is not, 
like the angle of reflection, equal to the angle 
of incidence; but it is nevertheless subject 
to a definite law, which is called the law of 




Ji the angle 
of refraction 
equal to the 
angle of inci- 
dence? 



Bines. 

WhatisailQet 



A sine is a right line drawn firom any point in one of the 
lines inclosing an ongle^ perpendicular to the other line. 
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f^o. 254. Thus, in Fig. 244^ let A B C be an angle ; then 

a will be the sine of that angle, being drawn fh>oi 

a point in the line A B, perpendicular to the line 

B C. Two angles may be compared by means of 

their sines, but whenever this is done, the lengths 

of the sides of the angles must be made equal, bc- 

caoso the sine yarioa in length according to the length of the lines fiarming 

the angle. 

The general law of refhtction is as follows: — 

When a ray of light passes from one medium 
gencna Uw of to anothcr^ the sine of the angle of incidence 
is in a constant ratio to the sine of the angle 
of refraction. 

The proportion or relation between these smes difiTers when different medin 
aro used ; but for the same medium it is always the same. 

Fxa. 255. Thus, in Fig. 255, let F E be the surfaco of 

some refracting medium, as water, and H B, 
J3 H^ B, rays incident upon it, at different angles ; 
jffi the former wiU be refituited in the direction 
K F; a and 5 will be the sines of the anglo 
of incidence, and c d the sines of the angle of 
refraction ; and the quotient arising from di- 
viding 5 by c, is the same as that from divid- 
ing a by d. In the case of air and water, 
the sine of the angle of incidence in the air 
will be to the sine of the angle of refraction 
in water as 4 is to 3 ; in any two other me- 
dia, a different ratio would be observed with equal constancy. 

The quotient found by dividing the sine of 
the angle of incidence by the sine of the angle 
of refraction, is called the index of refraation. 

As different bodies have different refractive powers, they will present dif- 
ferent indices, but in the same substance it is always constant. Thus, tho 
refractive index of water is 1.335, of flint glass, 1.55, of the diamond, 2.487. 
Is licht ever ^^ sur&ce ever transmits all the light which falls upon it, 
vrholif traua- but a portion is always reflected. 1^ in a dark room, wo 
^°^**^ allow a simbeam to fall on the surface of water, the division 

of the light into a reflected and refracted ray will be clearly perceptible. 
,, , ^ ^ . When the obliquitv of an incident ray passing through a 

camstaneesirill denser medium toward a rarer (as through water mto air), i.; 
such that the sine of its refracting angle is equal to 90^, it 
ceases to pass out, and is reflected from the surface of tho 
denser medium back into it again. This constitutes the only known faistanco 
of the total reflection of light The phenomenon may ba seen by looking 
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through the sides of a tumbler containing water, up to the surface in an 
oblique direction, when the surface will be seen to be opaque, and more re- 
flective than any mirror, appearing like a sheet of burnished silver. 

No law has yet been discovered which will enable us to 
BtejMes^ hifla- J^^S® ^^ *^® refractive power of bodies from their other quali- 
encG the re- ties. As a general rule, dense bodies have a greater refrac- 
of bodies? tive power than those which are rare; and the refractive 

power of any particular substance is increased or diminished 
in the same ratio as its density is increased or diminished. Kefractive power 
seems to be the only property, except weight, which is unaltered by chemical 
combination ; so that by knowing the refractive power of the ingredients, we 
can calculate that of the compound. 

AU highly inflammable bodies, such as oils, hydrogen, the diamond, phos- 
phorus, sulphur, amber, camphor, etc., have a refractive power from ten to 
seven times greater than that of incombustible substances of equal density. 

Of all transparent bodies the diamond possesses the 
greatest refractive or light-bending pqwer, although it is 
exceeded by a few deeply-colored, almost opaque miner- 
als. It is in great part from this property that the dia- 
mond owes its brilliancy as a jewel. 

Many years before the combustibility of the diamond was proved by ex- 
periment, Sir Isaac Newton predicted, from the circumstance of its high re- 
fractive power, that it would ultimately be found to be inflammabla 

If the surface of any naturally transparent body is made 
rough and irregular, the rays of light which fall upon it 
are refracted and reflected so irregularly, that they fail to 
penetrate and pass through the substance of the body, 
and its transparency is thus destroyed. 

Glass made rough on its surface loses its transparency; but if we rub a 
ground glass surface with wax, or any other substance of nearly the same 
optical density, we fill up the irregularities and restore its transparency. Horn 
is translucent, but a horn shaving is nearly opaque. The reason of this is 
that the surface of the shaving has been torn and rendered rough, and the 
rays of light falling upon it are too much reflected and refracted to be trans- 
mitted, and thereby render it translucent. On the same prindple, by filling 
up the pores and irregularities of the surfoce of white paper, which is opaque, 
with oil, we render it nearly transparent. 

TTo^ is refrac Accordiug to the undulatory theory of light, 
iim accoonted |.efraction is supposed to be due to an altera- 
tion in the velocity with which the ray of light 
travels. According to the corpuscular theory, it is ac- 
counted for on the supposition that different substances 
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exert different attractive inflaences on the particles of 
light coming in contact with thenu 

That department of the science of optics 
which treats of the refraction of light is termed 



Whatia IMop. 

tics? 



Dioptics. 



676. When a ray of light passes through a 



transparent medium whose sides where the 



What 

when light 
pawct through 

Sirt^urtSSSrr ^7 enters and emerges are parallel, it will 
suffer no permanent change of direction by 
refraction, since the second surface exactly compensates 
for the refractive effect of the first. 



Fig. 266. 




ThoB let A A, Fig. 266, be a plate of 
glass, whose sides are parallel, and B C a 
Toy of light incident upon it ; it will be re- 
fracted in the direction G D, and on leaving 
the glass will be refracted again, emeiging 
in the line D E, paiallel to the course it 
woold have pursued if it had not been re- 
fracted at all, and which is shown by the 
dotted line. A small lateral displacement is, 
however, occasioned in the path of the raj, 
depending on the thickness of the glass 
plate. 
This explains the reason why a plate of 
glass in a window whoso sor&oes are perfectly parallel, occasions no distor- 
tion, or alteration of the position of objects seen through it^ by reason of its 
refractive power. The rays suffer two refractions in contraiy directions, which 
produce the same effect as if no refraction had taken place. 

If the surfaces of the medium through which 
light passes are not parallel, the direction of 
every ray passing through it is permanently 
altered, the change being greater as the incli- 
nation of the two surfaces is greater. 

Thuswindow-glass of unequal thickness displaces and distorts all objects 
seen through it Hence the singular distortion of objects viewed through that 
swelling, or lun^ of glass known as the " bull's eye," which is sometimes 
seen in the center of very coarse panes of glass, and which remains where 
the glass-blower's instrument was attached. 

What is a 677. Any glass having two plane surfaces 
^"^^ not parallel, is called a Pbism. 
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As ordmarily constracfted, a prism is an Fig. 257. 

cblong, triangular, or wedge-shaped piece of 
glass, with sides inclined at any angle, aa 
is represented in Fig. 25*7. 

Explain theac^. ^^ ^°^^^fi^ *^°^«^ * 

tlou of the prism, all objects are seen 
priam. removed fh)m their true 

place. Thus, let C A B> Fig. 268, be a prism, and D E a ray of light inci- 
FiO. 268. dent upon it ; it will be refracted in 

the direction B F, and on emergin;;, 
^ C>.^. X ^'^ again be refracted in the direc- 

tion F H; and as objects alwaya 
appear in the direction in which tho 
last ray enters the eye, the' object 
D will appear at G, in the direction 
of the dotted line, elevated above its 
real position. If the refracting angle, A C B, had been placed downward, 
the object would have appeared as much depressed. 

The prism, although of simple construction, is one of the most important 
of optiod instruments, and to its agency we are indebted for most of the in- 
formation we possess respecting the nature and constitution of light. The 
beautiful and complicated results of its practical application belong to that 
department of optics which treats of the phenomena of color. 

678. A Lens is a piece of glass or other 
transparent substance, bounded on both sides 
by polished spherical surfaces, or on the one side by a 
spherical, and on the other by a plane surface. Bays of 
light passing through it are made to change their direc- 
tion, and to magnify or diminish the appearance of objects 
at a certain distance. 

Trow numy There are six different kinds of simple lenses, 
un^M^thlre? ^-"l ^^ which may be considered as portions of 
the external or internal surface of a sphere. 
Four of these lenses are bounded by two spherical sur- 
faces, and two by a plain and spherical surface. 

Fig. 259 represents sectional views of the six varieties of simple lenses. 

Explain thedif- A. double couvex lens is bounded by two 
lenMi^"^*"' convex spherical surfaces, as at A, Fig. 259. 

To this figure the appellation of lens was first applied from 
its resemblance to a lentil seed (in Latin, lena), 

A plano-convex, or simple convex lens has one side 
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bounded by a plane surface, and the other by a convex 
surface. It is represented at B, Fig. 259. 




A meniscus, or concavo-convex lens is convex on one 
side and concave on the other, as at C, Fig. 259. 

To this kind of lens the term "periscopic'' has reoently been applied, &om 
the Greek, signifying to view on all sides. 

A double concave lens is concave upon both sides, as 
at D, Fig. 259. 

A plano-concave, or single concave lens, is bounded oq 
one side by a plane, and on the other by a concave sur- 
face, as at E, Fig. 259. 

A concavo-convex lens is bounded on one side by a 
concave, and on the other by a convex surface, as at F, 
Fig. 259. 

Into how many The six varietics of simple lenses are divided 
£S^ be"^ ^^^^ ^^^ classes, which are denominated con- 
Tided? verging and diverging lenses, since the one 

class renders parallel rays of light falling upon them con- 
vergent, and the other class renders them divergent. 

In Fig. 259 A B G are converging, or collecting lenses, and DBF diverg- 
ing, or dispersing lenses. The former are thickest at the center; the latter 
are thinner at the center than at the edges. 

In the first class it is sufficient to consider only the double-concave lens, 
and in the second class only the double-convex lens, since the properties of 
each of these lenses apply to all the others of the same class. 

For optical purposes lenses are generally made of glass, but in some 
instances other substances are employed, such as rock-crystal, the dia- 
mond, etc. 

What is the III aH the various kinds of lenses there must 

of a tow r"*^' be a point where the opposite surfaces are 

parallel ; this point, which coincides with 
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the center of the Burface of the lens, is called the optical 
center. 

What id the The axis of a lens is a straight line passing 
axis of a lens? thiough tho ccntcr perpendicular to the sur- 
face of the lens. 

T^r^ w , - Oji t^ liii© will be situated the geometrical centers of the 

\Yncn IS a leni *,, ,«, 

considered ex- two sunaces of the leos, or rather of the spheres of which 
actiy oeatcred ? ^jjey form portions. 

A lens is said to be truly or exactly centered when its optical center is sit- 
uated at a point on the axis equally distant from corresponding parts of the 
surface in e^ery direction ; as then objects seen through the lens will not ap- 
pear altered in position when it is turned round perpendicularly to its axis. 

In what man. 679. Parallel rays of light falling upon a 
I^'^^SSJd douhle-convex lens are converged to a focus 
ilnat *^°^" ^* ^ distance varying with the curvature of 
its sides. 

FiO. 260. The double-convex lens may be regarded as 

two prisms, with curved surfaces, united at 
their bases, as is represented in Fig. 260; 
and as in a prism the ray of light refracted 
by it is always turned toward its back, or 
• thicker part (whether that be turned upward, 
downward, or to either side), it follows that 
when parallel rays fall upon a double-convex 
lens, or two prisms united at their bases, they 
will convoy to a point 

What Is the The point where parallel rays of light fall- 
S?"a^S?« ^^g ^P^^ ^^® ^^^® ^^ ^ convex lens unite hy 
lensf refraction upon tl^e opposite side, is called the 

principal focus of a lens. 

-What is the The distance from the middle of a lens to 
if^'a^ens r**"** its principal focus, is called the focal distance 
of a lens. 

This in a single convex lens is equal to the diameter of the sphere of which 
the lens is a portion ; in a double-convex lens it is equal to the radius, or 
Bcmi-diameter of the sphere of which the lens is a portion. 

The focal distance of parallel rays &lling upon a convex lens is repre- 
sented at A, Pig. 261. If the rays are converging, as at B, they will come 
to a focus sooner, and if diverging, as at C, the focus will be further from the 
lens than for parallel rays. 

The focus of a convex lens may be easily found by allowing the rays of 
the sun to fall perpendicularly upon one side of it, while a sheet of paper is 

14* 
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held oa the other. A bright ring of light will Ito. 261. 

be observed on the paper, dimmiahing or m- 
creasiDg in size according to the distance of 
the paper from the glass. If the former is held 
in sach a mamier that the ring of light is re- 
duced to a dazzling limiinous point, as is rep- 
resented in Fig. 262, it is then situated in the 
focus of the glaM. 

On what priB. 680. From their prop- 
vS%SSrbe* erty of converging par- 
SSiuiJS"" allel rays to a focus,' 
convex lenses, like con- 
cave mirrors, may be used for the 

Fio. 262. production of high temperatures, by con- 

centrating the rays of the sun. 

The ordinary burning, or sun-glass, as is represented 
in Fig. 262, is simply a double-convex lens. By tho 
employment of very largo lenses, a degree of heat 
may be produced &r exceeding that of tho best con- 
structed furnace.* 

In the employment of convex lenses as 
burning-glasses, the heat concentrated at the 
focus is to the common heat of the san, as 
the area of the surface of the lens is to the 
area of the focus. 

Thus, if a lens four inches in diameter collects the sun's rays into a focos at 
the distance of twelve inches, the focus will not be more than one tenth of an 
inch in diameter; its surface, therefore, is 1,609 times less than the sorface 
of the lens, and consequently the heat will bo 1,600 times greater at the focus 
than at the lens. 

681. The properties of a concave lens are greatly dif- 
ferent from those of a convex lens. 

Bays falling upon a concave lens arc so re- 
coup o*f nyS fracted in passing through it, that they diverge 
double "^n* on emerging from the lens, as though they 
eareieMi issued from a focus behind it. The focu", 

* A lenB of this character was constracted many years sinoe in England, three feet in 
diameter, with a focal distance of six feet eight inches. Exposed to the heat coneentratefl 
in the focns of this powerful instmment, the metals were instantly melted, and even vol- 
atilised, while qnartz, flint, and the most refractory earthy sabstaooes, were readily 
liqnefied and eaased to boil. 
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Fia. 263. 



therefore, of a concave lens is not real, but virtual, as is 
the case with a concave mirror. 

Thtis, in Fig. 263, 
the parallel rays, a b 
cde, etc., fidling upon 
the double concave 
lens, L I/, are so re- 
fracted in passing 
through it, that they 
are made to diverge, 
as though proceediug 
fix)m the point F, be- 
hind the lens. 

In a similar man- 
ner convergent rays are rendered less convergent, or even parallel. 
Do convex 682. Images are formed in the foci of con- 
toThe^^rJj^ vex lenses in the same way as in the foci of 
tiontf images? ^oncave mirrors. 

Thus, if we take a convex lens and place behind it, at a proper distance, a 
B'leet of paper, there will be depicted upon the paper beautifully dear and 
distinct images of all the objects in front of the lens, in an inverted position. 
The maaner in which they are formed is illustrated in Fig. 264. 




Fig. 264. 




-^ .^ ,^ Thus, let A B 

Describe the 1^ , 

formation of represent an ob- 

'^of^l^'*' je<* placed be- 
fore a double 
convex lens, E F. The rays 
proceeding firom A, the top of - 
the object, will be converged 
by the lens and brought to a 
focus at D, where they will 
form an image; the rays pro- 
ceeding from B, the base of the object, will also be converged and brought 
to a focus at C ; and so each point of the object, A B, will have its corre- 
sponding image between C D. In this way a complete image will be formed. 

The image formed by a convex lens will ap- 
pear inverted, beca,use the rays of light from 
the several points of the object cross each 
other in proceeding to the corresponding points 
of the image. 

Thus, in Fig. 264, the ray, A E, proceeding from the top of the object and 
falling obliquely upon the lens, is refracted into the course E D, and in like 
manner the ray B F is refracted m the dkection F C; and as these rays cross 



Why are^ the 
images formed 
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each other, the image of the arrow appears inverted. The central ray of liglit 
proceeding fix)m the object in the direction of the axis G-, and falling -perpcTL- 
dicularlj upon the aur&u^e of the lens, undergoes no refraction, but contliiues 
on in a direct course. 

The images thus formed by convex lenses maybe rendered 
iige7formed?r "^^^^^ ^7 being received upon white screens, or any suitablo 
convex UnBes objects, or directly by the eye, when placed in a proper posi- 

When, by the employment of the convex lens as a burning-- 
glass, we concentrate on any suitable surface, the sun's rays to a focus, thelittlo 
luminous spot, or circle formed, is really an image, or picture of the stxn 
itselC 

wh7 ore con- 683. Convex lenses, as ordinarily used, are 
iriilSf^g called magnifying-glasses, because they in- 
Giawesf crease the apparent size of the objects seen 

through them. 

The reason of this is, that the lens so alters, 
convex °^iens by refraction, the direction of the rays of light 
°* ^ proceeding from an object, that they enter the 

eye as if they came from points more distant from each 
other than is actually the case, and hence the object ap- 
pears larger, or magnified. 
^,^ , On the contrary, the concave lens, which 

Why does a •;' • /v. i 

convex lens produccs au cxactly opposite effect upon the 

apparent size lavs of light, causcs tho imajTC of an object 

seen through it to appear smaller. 

On the same principles also, concave mirrors magnify, and convex mirroiB 
diminish the images of objects reflected from their suriaces. 

Hence the magnifyinc: or diminishinor power 
the magnifying of lenscs IS not, as IS often popularly supposed, 

or diminishing , ^ xT_ T j. I* A 1 i 

pcm'er of lenses QUO to the pcculiar naturc 01 the glass 01 
^^"^ which they are made, but to the figure of their 

surfaces. 

The douJ>le convex lens, inclosed in a convenient setting of metal or horn, 
is extensively employed by watch-makers, engravers, etc., with whom it 
passes under the general name of lens. 

Hov may con- 684. In addition to the eflfect which convex 
dif distant^ lenses produce by magnifying the images of 
jectfl visible f objects, they are also capable of rendering 
distant objects visible which would be invisible to the 
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naked eye, by causing a greater number of rays of light 
proceeding from them to enter the eye. 

The light which produces vision, as will bo more fully ex- 
plained hereafter, enters the eye through a circular opening 
called the pupil, which is the black circular sjwt surrounded 
by a colored ring, appearing in the center of the front of tho 
eye. Now, as the rays of light proceeding from an object 
diverge or spread out in every direction, the number which will enter the cyo 
\\ ill be limited by the size of the pupil. At a great distance from an object, 
f:s AvUI be seen in Fig. 265, few rays will enter the eye ; but if, as in Fig. 26G, 
we place before the eye a convex lens of moderate size, a largo number of 
the diverging rays will be collected and concentrated into a single point or 
focus behind it, and thus afford to the eye occupying a proper position suffi- 
cient light to enable it to see the distant object distinctly. 

Fig. 265. 




Fia 266. 

In like manner a concave mirror, by causing divergent rays which fall 
upon the surface to become convergent, may be used to produce the same ef- 
fect, as is shown in Fig. 267. 

Fig. 26Y. 




SECTION III. 

THE ANALYSIS OP LIGHT. 



685. It has, up to this point, been assumed, that light is a simple substance, 
and that all its rays, or parts, are refracted in precisely the same manner, and 
therefore suffer the same changes when acted upon by transparent media. 
Thi3, however, is not its constitution. 
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What is the White light, as emitted firom the strn, or 
^St^M ®' from any luminous body, is composed of seven 
different kinds of light, viz., red, orange, yel- 
low, green, blue, indigo, and violet. 
What is the Tho sovcu different kinds of light produce 
origin of Color f g^ygn different colors, viz., red, orange, yellow, 
green, blue, indigo, and violet. These seven colors are 
called primary colors, since by the union or mixture of 
some two or more of them, all other colors, or varieties of 
color are produced. 
How is light The separation of white Lght into its sev- 

anaiyzed? gj.^j pg^j.|.g jg effected by means of a prism. 
When a ray of white light is made to pass through a 
prism, each of the seven rays of which it is composed 
are refracted, or bent out of their course differently, and 
form on an opposite screen or wall an image composed of 
bands of the seven different colors. 
What is the 686. The image formed by a ray of white 

spe«ttram? jjgj^^ passiug through a prism, is called the 
Solar, or Prismatic Spectrum. 

Fig. 268. 




The separation of a ray of solar L'glit into different colored rays, by rc&xc- 
tion, is represented in Fig. 268. A ray of light, S A, is admitted thronj^h 
an aperture in a shutter into a darkened chamber, and caused to fall on a 
prism, P. The ray thus entering would, if allowed to pass unobstractedlr, ha^-'J 
moved in a straight line to the point K, on tho floor of tho room, vn'l t!i. r j 
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fonned ft circular disc of white light ; bnt by the interposition of the prism 
the ray spreads out in a ^n-shape, and forms an oblong colored image on the 
opposite wall This image, called the solar spectrum, is divided horizontally 
into seven colored spaces, or bands, of unequal extent, which succeed each 
other in an invariable order, viz., red, orange, yellow, green, blue, indigo, violet 
tTponwhataoee Tho Separation of the seven different rays 
of^wSite'^S composing white light from one another, de- 
depend? pends entirely upon a difference in their re- 

frangibility in passing through the prism ; those which 
are refracted the least falling upon the lowest part of the 
screen, and those which are refracted the most upon the 
upper part. 

Thus the red rays, whic3i are the least refracted, or the least turned from 
their course by the prism, always occur at the bottom of the spectrum, whilo 
the violet, which is the most refracted, occurs at the top; the remaining colors 
being arranged in the intermediate space in the order of their refrangibility. 

What additional Thc seveu different rays of light, when once 
5f The cJmporf! separated and refracted by a prism, are not 
^n^^of white capable of being separated and refracted again; 
but if by means of a convex lens they are col- 
lected together and converged to a focus, they will form 
white light. 

If the spectrum formed by a prism of glass be divided mto three hundred 
and sixty parts, it is found that the red ray, or color, occupies forty-five of 
those parts, the orange twenty-seven, the yellow forty-eight, the green sixty, 
the blue sixty, the indigo forty, and the violet eighty. 

If we take a circle of paper and paint upon it in divisions of proportionate 
size the seven colors of the spectrum, and then cause it to rotate rapidly about 
a center, the colors by combination will impart to it a white appearance.* 
From tliis and other experiments, therefore, it is inferred that light which wo 
call colorless, or white (as that coming immediately from the sun), really con- 
tains light of all possible colors so mixed as to neutralize each other. 

687. The separation of the different rays of light which 
takes place in their passage through a prism, is designated 
by the term Dispersion. 

KxpUin what ^® °^^®^ ^^ refrangibility of the seven different rays of 
i I meant by the light, or the arrangement of the seven colors in the spcc- 
cr'^*tiffc?^nt *™™) ^ always the same and invariable, whatever way tho 
substances. prism may be turned ; the lower end of the spectrum being 

♦ It is very common to find it stated in books of Bcicnce that by mixing powders of tho 
Fevon different colors together a whit«, or grayish-white compound may be produced. 
Tais, liowcvcr, U not the fact. 
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red, which passes upward into orange, then into yellow, then green, blue, 
indigc, and violet, which is at the upper end. 

Dissimilar substances, however, produce spectra of different lengths, on a^ 
count of a difference in their refractive properties. Thus a ray of light tra- 
versing a prism of flint-glass, will have its red aud violet colors separated on 
a screen twice as widely as those of a ray passing through a similar prism 
of crown-glass. This difference is expressed by saying that the dispersive 
power of the two substances is different, or that flint-glass has twice the dis- 
persive power of crown-glass. 

_ ill at As a lens may be considered aa a modification of the 

an ordinary prism, it follows that When light is refracted through a lens, 
^*' rf ?t i*^"*^*0? ^^ ^ separated into the different colors, precisely as by a 
prism ; and as every ray contained in white light is refracted 
differently, every lens, of whatever substance made, will have a different fixrus 
for every different color. The images, therefore, of such lenses will be more 
or less indistinct, and bordered with colored edges. This imperfection ia 
termed chromatic aberration. 

For this reason the focus of a burning-glass, which is an optical image of 
the sun, is never perfectly distinct, but always confused by a red, or blue bor- 
der, since the various-colored rays of which sunlight is composed, can not 
all be brought to the same focus at once. In a like manner, if we point a 
common telescope at a blue and red hand-bill at a short distance, we shall 
have to draw out the tube of the instrument to a greater length in order to 
read thei red than the blue letters. 

-, , . ,, These fringes of color are a most serious obstacle to the 

Explain the ^ . ? ^. -, . . . . ., . 

construction of perfection of optical instruments, especially in astrononucal 

an achromatic telescopes, where great nicety of observation is required ; and 
to prepare a lens in such a way that it would refract light 
without at the same time dispersing it into colors, was long considered an im- 
possibility. 

The discovery was, however, made by Mr. Dollond, 
an Englishman, that by combining two lenses, formed 
of materials which refitMit light differently, the one 
might be made to counteract the effects of the other; on 
the same principle as by combining two metals together 
which expand unequally, we may construct a pendu- 
lum whose length never varies. 

Such a combination is represented in Fig. 268, whcro 
a convex lens of crown glass is united with a coucavo 
lens of flint glass, so as to destroy each the dispersiro 
power of the other, while at the same time the refract- 
ing, or converging power of tho convex lens is pre- 
served. A lens of this character is called Achro- 
matic,* since it produces images in their natural 
colors. 
* Achromatic, from a, not, and xp^l^f^i color. 
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TyTiatiaspherf. Lenses are also subject to another imperfec- 
cai aberration? ^j^^^ which is Called spherical aberration. This 
arises from the fact that the curved surface of a lens is at 
unequal distances from the object and from the screen 
which receives the image formed at its focus ; and hence, 
if one point of the image is perfect, another point is less 
CO, owing to a difference in the convergence of the rays 
coming from the center and the edges of the lens. 

Thus, if the image is received on a screen of ground glass, it will bo found 
t'lat wiion the picture is well defined at the center, it will be indistinct at the 
edges ; but by bringing the lens nearer the screen, the edges of the imago 
will be more sharply defined, but the middle is indistinct. To make the im- 
age perfect, therefore, the screen on which it is received should be really con- 
cave, that is, all parts of it should be at the same distance from the center of 
the lens. 

TVhen the image formed by the lens is small, the effect of spherical aberration 
is scarcely noticed, and by combination of lenses of different refiractive powers, 
it may be almost entirely overcome. 

688. The various rays composing solar light 
ofu|hte<JuaiTy are uot all equally luminous, that is to say, 
they do not appear to the eye equally brilliant. 
The color most visible to the human eye is yellow. 

The luminous intensity of the different colored rays of light may be ex- 
pressed numerically as follows: — ^Red, 94; orange, 640; yellow, 1,000; 
green, 480; blue, IVO; indigo, 31; violet, 6.* 

G89. According to some authorities, white solar light 
consists of only three colors — red, yellow and blue, which, 
by combining, produce the other four colors, orange, 
green, indigo and violet. 

Tin, * o^«- lied, yellow, and blue, are, therefore, some- 
times called the tlmcs callcd tho simple colors. 

Eimple colors? -^ 

Thus, by the union of red and yellow, we may produce 
orange; by yellow and blue, green; by blue and red, violet; indigo being 
considered as merely a shade of blue. Red, yellow, and blue, on the contrary, 
can not be produced by the mingling of any two other colors. 

When blue and yellow powders are mixed together, blue and yellow rays 
are reflected to the eye from the minute particles, but the two colors are so 

• It would appear, from numerons obserrations, that soldiers are shot during battle 
according to the color of their dress in the following proportion :— red, 12 ; dark green, 7 ; 
brown, 6; bloish gray, 5. Bed is therefore the most fatal color, and a light gray the 
least so. 
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mingled that the eye onljr notices the combined efibct, which is green. If we 
BOW examine the same mixture with a microscope, the bine and yellow par- 
ticles will be seen separately, and the green color will disappear. 

690. The natural color which an object 
utJ objSte exhibits when exposed to the light, depends 

cxhlMt colors f - -^ , x i» xv 

upon the nature and arrangement of the par- 
ticles of matter of which it is composed, and is not the re- 
sult of any quality inherent in the object itsel£ 

Bodies which naturally exhibit color have, by reason of 
a certain peculiar arrangement of their surfaces, or mole- 
cular structure, a greater preference for some qualities of 
light than for others. If the body is not transparent, it 
will reflect certain rays of light from its surface, and ap- 
pear of the color of the light it reflects ; if the body is 
transparent, it will allow only certain rays to pass through 
its structure, and will consequently appear of the color of 
the light it transmits. 

Thns a red body appears red becanse it reflects or transmits the red ray of 
solar light to the eye ; and a yeUow body appears yellow becanse yellow 
light is reflected or transmitted by its snr&ce or stmcture more powerfully 
than light of any other color ; and so on through all the colors. 

It is not, however, to be understood tliat colored bodies reflect or transmit 
only pure rays of one color, and perfectly absorb all others; on the contrary, 
it has been found that a colored body reflects, in great abundance, those rays 
of light which determine its particular color, and also the other rays which 
make up white light in a greater or less degree, in proportion as they more 
or less resemble its color in the order of their refrangibHify. 

is ft bod Some substances have no preference for any one quality of 

colorless, when light more than another, but reflect or absorb them all 

when' black?* equally ; such are called neutral, or colorless bodies. Those 

substances which reflect all the rays of Hght which fall upon 

them appear white ; those which absorb all the rays appear black. 

In the dark there is no color, because there is no light to be absorbed or 
reflected, and therefore none to be decomposed. 

A glass is called red because it allows the red rays of light to penetrato 
through a greater thickness of its substance than the other rays ; but at a cer- 
tain thickness, even the red rays would be absorbed like the rest, and wo 
should call the glass black. 

No body, unless self-luminous, can appear of a color not existing in the 
light which it receives. This may be proved by holding a colored body in a 
ray of light which has been reflected by a prism, when the body will appear 
of the color of the ray in which it is placed; for since it receives but one col- 
ored ray, it can reflect no other. 
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M4y iJie color 691. By cTianging the structure or molecu- 
cLn^^ ^ lar arrangement of a body, the color which it 
SJteSuL" exhibits may be often changed also. 

Illustrations of this principle are frequently seen in chem- 
ical OQinpoQBd& The iodide of mercury is a beautiftil scarlet compound, which, 
-when gentity heated, foeoomea a bright yellow, and so remains when undis- 
turbed. I^ however, it is touched, or scratched with a hard substance, ns 
vith the point at a pin, its partides turn over, or readjust themselves, and 
resume their original red color. Chameleon mineral is a solid substance pro- 
duced by Ibsing manganese with potash ; when dissolved in water, it changes, 
according to the amount d dilution, from green to blue and purple. Indigo 
also^ spread on paper and exposed to heat, becomes red. 

692. Some bodies have the power of reflecting from their 
surfaces one color while they transmit another. 

This is the case with the predoua opaL A solutioa of quhune in water 
containing a Httle sulphuric add, is colorless and transparent to the eye look- 
ing through it, but by lookmg at it, it appears intensely blue. An oil ob- 
tained in Hie distilla^n of resin transmits yellow ligh^ but reflects violet 
light Smoke reflects blue light, but transmits red light These phenomena 
result firom a peculiar action of the sur&ce or outer layer of the substance 
of the body on some of the rays of light entering it, and have received the 
name of qnpolic^ or sui£»ce dispersion. 

Deepness of color proceeds from a deficiency, rather than ttom an abund- 
ance c£ reflected rays: thus, if a body reflects only a few of the red rays, it 
will appear of a dark red color. Wlien a great number of rays are reflected, 
the color will appear bright and intense. 

If the objects of the material worid had been illuminated only with whito 
light all the particles of which possessed the same degree of refrangibility, 
and were equally acted upon by aU substances, the general appearance of 
nature would have been dull, and all the combinations of external objects, 
and all the features of the human countenance would have exhibited no other 
variety than that which they posses in a pencil sketch or India-ink drawing. 

What are com- 693. Any two colors which are able, by com- 
Sw**^ bining, to produce white light, are termed 
complementary colors. 
Each color of the solar ray has its complementary color, 
for if it be not white, it is deficient in certain rays that 
would aid in producing white. And these absent rays 
compose its complementary color. 

The law of complementary colors is this ; the complementary color is al- 
ways half the spectrum. Thus, if we take half the length of a spectrum by 
a pair of compasses, and fix one leg on any color, the other leg will fall upon 
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its oomplementary color, or upon the ono which added to tiie first vHH pro- 
duce white light The complementary color of red is bluish green ; of 
orange is blue; of yellow is indigo; of green is reddish violet; of blue is 
orange red; of indigo is orange yellow; of violet is yellow green; ofblac^ia 
white ; of white is black. 

Complementary colors may be seen by fixing the eye steadOy upon any 
colored object, such as a wafer upon a sheet of white paper. A ring g€ ccA.- 
ored light will play round the wafer, and this ring will be complomentazT' to 
tbe color of the wafer. A red wafer will give a green ring, a blue wafer an 
orange-colored ring, and so on. Or if, after having regarded the colored ^srafer 
steadily for a few moments, the eye be closed, or turned away, it will retawn 
t!ic impression of the wafer, not in its own, but in its complementary color ; 
thus a red wafer will give a green ray, and so on. 

In like manner, if we look at a red hot fire for a few minutes, every object 
as we turn away appears tinged with bluish green. 

The art of harmonizing and contrasting colors is intimately connected with. 
the principles of complementary colors. 

How do colors Everj color placed beside another color is 
ifapp^n^r changed, and appears diflferently from what it 
does when seen alone ; it equally modifies^ 
moreover, the color with which it is in proximity. 

As a general rule, two colors will appear to the best 
advantage when one is complementary to the other. 

Thus, if a dress is composed of cloths of two colors, the one complementaiy 
to the other, as red and green, orange and blue, yellow and violet^ tiiey will 
mutually heighten the effect of each, and make each portion appear to tbe 
best advantage. For this reason, a dress composed of cloths of different 
colors, looks well for a much longer time, although worn, than one of a single 
color, the character of the fabric being the samo in both instances. 

A suit of clothes of one color can be worn to advantage only when it is 
new, because as soon as one portion of the suit loses its freshness fi*om hav- 
ing been worn longer than another, the difference will increase by contrast 
Thus a pair of new black pantaloons worn with a vest of the same color, 
which is old and rusty, will make the tinge of the latter appear more con- 
spicuous, and at the same time the black of the pants will appear more 
brilliant. White and other light<»lored pantaloons would {NToduce a contrary 
effect. 

In printing letters on colored paper, the best effect will be produced when 
the color of the paper is complementary to the ink ; blue should be put upon 
orange, and red upon green. 

Stains will be less visible on a dress of different colors than on ono com- 
I)osed of only a single color, smce there exists in general a greater contact 
among the various parts of the first-named dress, than between the stain and 
the adjacent part, and this difference renders the stain less apparent to the eye. 
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In the groopiog of flowers in gardens, and in the preparation of bouqnets, 
the most pleasmg effects will be produced hj placing the blue flowers next 
to the orange, and the violet next to the yellow. White, red, and pink 
flowers aae never seen to greater advantage than when surrounded with green 
leaves, or white flowers ; on the other hand, we should always separate pink 
flowers fr(Htt those that are either scarlet or crimson ; orange, from orange- 
yellow flowers ; yellow flowers from greenish-yellow flowers ; blue from violet- 
blue, red from orange, pink from violet 

By grou^ng colors together which are not complementary, or which do not 
Tightly contrast with each other, we produce a discordant effect upon the eye, 
analogous to the discord which is produced upon the ear by instruments out of 
tune. It is alwa3rs necessaiy that, if one part of the dress be highly ornamented, 
or consists of various colors, a portion should be plain, to give repose to the eye. 

Black being the complementary color of white, the effect of black drapery 
upon the color of the skin or &ce is to make it appear pale, or whiter than it 
usually isL 

The (^ttcal effect of dark and black dresses is to make the figure appear 
smaller ; hence it is a suitable color for stout persons. On the contrary, white 
and light-colored dresses make persons appear larger. Large patterns or de- 
signs upon dress, make the figure appear shorter: longitudinal stripes, if not 
too wide, add to the height of the figure; horizontal stripes have a contrary 
tendency, and are veiy ungraceful* 

What ifl a Rain- 694. The Rainbow is a semicircular band 
^^^ or arch, composed of the seven diflFerent colors, 
generally exhibited upon the clouds during the occurrence 
of rain in sunshine. 

How is a rain- Tho Ktinbow is produccd by the refraction 
bow produced? ^jj^ reflection of the solar rays in the drops of 
falling rain. 

• The following curious facta are Imown to persons employed in trade:— "When a pur- 
cliaser has for a considerable time looked at a yellow fabric, and is then shown orange or 
searlefc stutfii, he considers them to be amaranth-red, or crimson, for there is a tendency 
in the eye, excited by yellow, to see yiolet, whence all the yellow of the scarlet or orange 
cloth disappears, and the eye sees red, or red tinged with scarlet. Again, if there are 
presented to a buyer, one after another, fourteen pieces of red doth, he will consider the 
last six or seven less beantlM than those first seen, although the pieces be identically tho 
samew Now what is the cause of this error in judgment? It is that the eyes having 
seen seven or eight red pieces in succession, are in the same condition as if they had 
regarded fixedly during the same period of time a single piece of red doth; they have 
then a te&dency to see the complementary color of red, that is to say, green. This tend- 
ency goes, of necessity, to enfeeble the brilliancy of the red of the pieces seen later. In 
order that the merchant may not be the sufferer by this failing of the eyes of his cus- 
tomer, he mnst take care after having shown the latter seven pieces of red, to present to 
him some pieces of green cloth, to restore the eyes to their natnral state. If the sight of 
the green be sufficiently prolonged to exceed the normal state, the eyes will acquire a 
tendency to see red; then the last seven pieces will appear more beautiful than the 
othenk^-'-CftsvreuI on Color* 
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What experi- 
ments prore 
the decomposio 
tionoflightby 
drops of 
ter? 



by 



69S. BainbowB are alaa focmed whea the sun shi&es i^xm ixogm of water 

lalling in quantity from £>untain8^ watwfalla, paddle-wheela^ ete. 

That the rainbow results from the decompositioa of the solar 
rays hy drops of water, may be proved hj the IbiUoving sim- 
ple experiment: — If we take a glass globe filled with water, 
and suspend it at a certain height in the solar rays abo^e the 
eye, a spectator st^mding with his back to the sun will see 
tlie refraction and reflection of red light; i^ then, the globe be lowered 
slowly, the observer retaining his position, Uie red light will be replaced 
by orange, and this in its turn by yellow, and so on, the globe at dif- 
ferent heights presenting to the eye ^e seven primitive colors in soocessioQ. 
If now, in the place of the globe occupying different pooUons, we sab- 
Etitute drops of water, we have a ready explauatic^ of the phenomena of 
the rainbow. 

Drops of rain, suspended to grass or bushes, may be frequen^^y faoDd to 
appear to the eye of a bright red; and by slightly changing the position <^the 
eye, the colors of the drop may be made to appear successively yellow, green, 
blue^ violet, and also colorless. This also proves that rays of lights &Uing in 
certain directions upon drops of water, are refracted thereby ajod decomposed 
into colored rays that become visible to the eye when iiis SLtoated in the 
proper direction. 
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The principles of the 
fbnnation of the rain- 
bow may be fiirther 
illustrated by Fig. 269. 
Let AB and G be three 
drops of rain; S A, 
S B, and S 0, three 
rays of the sun. The 
ray S A, by refraction, 
is divided into three 
colors; the blue and 
yellow are bent above 
the eye^ D, and the 
red enters it 

The ray, S B, is di- 
vided into three col- 
ors ; the blue is bent above the eye, and the red frdla below the eye D, hut 
the yellow enters it 

The ray, S C, is also divided into three oolors. The blue (which is 
bent most) enters the eye, and the other two fiill below it Thus the 
eye sees the blue of C, and of all drops in the position of C; the 
yellow of B, and of all drops in the positicm of B; and the red of A, 
and of all drops m the position of A. The same may be also inferred 
respecting the other four colors of the spectrum; and thus the eye sees 
a rainbow. 
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^wiat ara fbo ^^^ xainbow can be seen only when it rains^ 
2^?fa5?^ and in that point of the heavens which is op- 

to ^ a rain. positC tO the SUD. 

Hence a rainbow is always observed to be sitoated in the 
"west in the morning, and in the east in the afternoon. 

It is also necessary for the production of a rainbow 
that the height of the sun above the horizson should not 
exceed forty-two degrees. 

Hence we generally observe this phenomenon in the morning, or toward 
e^^wdng ; and it is only in the winter, when the sun stands very low, that tho 
rainbow is sometimes seen at hours approaching noon. 
Is the same ^ *^® ^^^ ^^ ^^^* ^^^®^ greatly in refrangibility, only a 
rainboir seen single and different-colored ray from each drop will reach tho 
S^j*^*^^^®^ eye of a spectator; but as in a shower there is a succession 
of drops in all positions relative to the eye, the eye is en- 
abled to receive the diflferent-cobred Pj^ 270. 
rayg refracted at different indma- 
tions. This is clearly illustrated in 
Fig. 270, in which S represents 
rays of the sun falling upon sao> 
cessive drops, E, 0, Y, G, B, I, V ; 
but a single colored ray, and a 
different one ibr each drop, will 
reach the eye. As no two spec- 
tators can occupy exactly the same 
position, no two can see the same 
color reflected from the same drop ; 
and consequently no two persons see the same rainbow. 

In the formation of a rainbow each colored ray reflected 
bo^drculM?** ^™ *^® felling drops of rain, enters the eye at a different inclin- 
ation or angle. But the several positions of those drops, 
which alone are capable of reflecting the same color at the same angles^ to 
the eye constitute a circle, — ^and hence the bands of color which make up a 
rainbow, appear circular. 

What mre pri- Two rainbows are not unfrequently observed 
S!Sy °*rS-' at *be same time, the one being exterior to, 
^"^^^ and less strongly developed than the other. 

The inner arch, which is the brightest, is called the pri- 
mary bow, and the outer, or fainter arch, the secondary 
bow. The order of colors in the inner bow is also the re- 
verse of that in the outer bow. 
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primaiy nia- 




How is the lee- 
ondaiy nin- 
bov formed t 



FlO. 212. 



The inner, or primary rainbow, wUcIi is the 
ETi^foJLJd?" one ordinarily seen, is formed by two refrac- 
tions of the Bolar ray, and one reflection, the 
ray of light entering the drops fi&. 271. 

at the top, and being reflected to 
the eye from the bottom. 

Thus, in Fig. 271, the ray S A of the pri- 
mary rainbow strikes the drop at A, is re- 
fracted, or bent to B, the back part of the 
inner sarface of the drop ; it is then reflected 
to C, the lower part of the drop, when it is 

refracted again, and so bent as to come di- ^^^>$fd 

rectly to the eye of the spectator. 

The secondary, or outer rainbow, is produced 
by two refractions of the solar ray, and two 
reflections, the ray of light entering the drops 
at the bottom, and being reflected to the eye from the top. 

Thus, in Fig. 272, the ray S B of the sec- 
ondary bow strikes the bottom of the drop 
at B, is refracted to A, is then reflected to 
C, is again reflected to D, when it is again 
refracted or bent, till it reaches the eye of 
the spectator. 

The position and formation of the primary 
and secondary rainbows are represented in 
Fig. 273. Thus, in the formation of the pri- 
mary bow, the ray of light S strikes the drop 
n at a, is refracted to b, reflected to ^, and 
leaving the drop at this point, is refracted 
to the eye of the spectator at 0. In the formation of the secondary bow, 
the ray S' strikes the drop p at the bottom at the point i^ is refracted to d^ 
reflected to/, and thence to c, and refracted from the top of the drop, pro- 
ceeds to the eye of the spectator at 0. 

The reason the outer bow is paler than the inner is because it is ibrmed by 
rays which have undergone a second internal reflection, and after every ro- 
lIoctloQ li;^ht becomes weaker. 

Halos are colored rays which are sometimes 
seen surrounding luminous bodies, especially 
Iho Bun and moon. They are occasioned by the refraction 
and decomposition of light by particles of moisture, or 
crystals of ice floating in the higher regions of the atmos- 
phere, and are never seen when the sky is perfectly clear. 




What aro 
llulos i 



THE ANALYSIS OF LIGHT. 

Fia. 273. 



337 




The production of halos may be illuatrated experimentallj, by crystallizing 
various salts upon plates of glass, and looking through tiie plates at the sun, 
or a candle. A few drops of a saturated solution of alum, spread over a 
glass 80 as to crystallize quickly, will cover it with an imperfect crust of crys- 
tals!, scarcely visible to the eye. Upon looking at a luminous body through 
the glass plate, with the smooth side next Uie eye, three fine halos will be 
perceived encircling the source of light 

The fact that halos, or rings round the mooo, are more frequently observed 
than solar halos, is dependent upon the circumstance that the sun's light is 
too intense and dazzling to allow the halo to be recognized. Halos may bo 
observed most frequently in the winter season, and in high northern latitudes. 

What i« the 696. The beautiful crimson appearance of 

?^r4^^^ the clouds after sunset in the western horizon, 

roi^^'^^Md ^s ^^^® ^^ ^ great measure to the fact that the 

""^^^ red rays of the solar light are less refrangible 
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than any of the 
other colored rays, 
and in conse- 
quence of this, 
they are not bent 
out of their course 
so much as the 
blue and yellow 
3 rays, and are tho 
' /| last to disappear. 
jy For the same rea- 
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son they are the first to appear in the morning when the 
sua rises, and impart to the morning clouds red or crim- 
son colors. 

Let us suppose, as in Fig. 274, a ray of light proceeding from the sun, S, 
to enter the earth's atmosphere at the point P. The red rays, which cuu- 
pose in part the solar beam, being the least refirangiblc, or the least deviated 
from their ooorse^ will reach the eye of a spectator at the point A ; wbiij 
the yellow and bine rays, being refiacted to a greater degree, will reach the 
surfkco of the earth at the intermediate points B and C. They will, conse- 
quently, be quite invisible from the point A. 

The red and gt^den appearance of the clouds at mormng and evening is 
also due in part to the &ct, that aqueous vapor on the point of being w.- 
densed, only allows the red and yellow rays of light to pass through it. Rr 
this reason, if the sun be viewed through a column of steam escaping from 
a boiler, it appears of a deep red, or crimson color. The same thing may be 
noticed during a drought in summer, when the air is filled with dry exhala- 
tions. 

What u 697. The irregular brilliancy of the stars, 

Tirinkiingf known as twinkling, is supposed to be due to 
unequal reflections of light occasioned by inequalities and 
undulations in the atmosphere. 

How is color 698. Light, according to the nndulatoiy 
tSuSduuto^ theory, is occasioned by the vibrations or un- 
theoryofught? (Julatious of a Certain elastic medium diffused 
throughout all space, called Ether. Color, according to 
this theory, depends on the number of vibrations which 
are made in a certain time ; those vibrations which are the 
most rapid, producing upon the eye the sensation of violet, 
and those which are the slowest, the sensation of red. 

The analogy between sound and light, according to tbo 
S^thero*^*S iiDdulatory theory, is perfect, even in its minutest drcam- 
twcen color and stances. When a certain number of vibrations of a musical 
niuBicT " ** chord are caused in a given time, we produce a required 
sound ; as the vibrations of the chord vary firom a quick to a 
sbw rate, we produce sounds sharp or grave. So with light ; if the rate at 
which the ray undulates is altered, a different sensation is made upon tlie 
organs of vision, 

The number of aerial vibrations per second required to produce any particu- 
lar note in music has been accurately calculated, and it is also known that 
the ear is able to detect vibrations produehig sound, through a range com- 
mencing with 15, and reaching as far as 48,000 in a second. So also in tbo 
case of liightj the frequency of vibrations of the ether required for the produc- 
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tion of any particular color has been determined, and the leng^ of the waves 
corresponding to these vibrations. 

^vhat relation The wavcs requisite to produce red are the 
ftS*** ^*ve^ largest ; orange comes next ; then yellow, 
brad^B*ooi^ green, blue, indigo, and viol^, succeed each 
diffeirentcoiors? other, thc waves of each being less than the 
preceding. The rapidity of vibration i& in the same order, 
Ihe waves producing red light vibrating with the least 
rapidity, and the waves producing violet with the greatest 
rapidity. 

To produce red light it is necessary that 40,000 waves, or undulations should 
be comprised within the space of a single inch, and that 480 billions of vibra- 
tions should be executed in one second of time; while, for the production of 
violet, 60,000 waves within an inch, and 120 billions of vibrations per second 
are required.* 

699. As two sets of soimd-waves or vibra- 

Kght be made tious may so combine as to modify or destroy 

^ ^ each other, and thus produce partial or total 

silence, so two waves or vibrations of light may be made 

to interfere and produce various colors, or entire dfirkness. 

* IHnay perhaps be asked, with something of incredulity, how such a result could pos- 
sibly have been arrived at, with any degree of scientific accuracy. The problem, how- 
ever, is not a difficult one. 

In the first place, Newton, by a series of perfectly satisfactory and beautiful experi- 
ments, ascertained the number of waves or undulations of the different colored rays 
comprised within the space of an inch. 

Let us now suppose an object of any particular color, a red star, for example, to be 
viewed from a distance. From the star to the eye there proceeds a continuous line of 
waves; these waves enter the pupil, and impinge upon the retina; for each wave which 
thus strikes the retina, there will be a separate pulsation of that membrane. Its rate of 
pulsation, or the number of pulsations which it makes per second, will therefore be known, 
if we can ascertain how many luminous waves enter the eye per second. 

It has been already shown that light moves at the rate of about 200,000 miles per 
second ; it follows, that a length of ray amounting to 200,000 miles must enter the pupil 
esich second ; the number of times, therefore, per second, which the retina will ^brato, 
will be the same as the number of the luminous waves contained In a ray 200,000 mUes 
long. 

Let us take the ease of red light In 200,000 miles there are, in round numbers, 
1 .000,000,000 fbet, and therefore 12,000,000,000 inches. In each of these 12,000,000,000 of 
i.iches there are 40,000 waves of red light In the whole length of the ray, therefore, there 
f.re 480,000,000,000,000 waves. Since this ray, however, enters the eye in one second, 
and the retina must pulsate once for each of these waves, we arrive at the astounding 
conclusion, tiiat when we behold a red object, the membrane of the eye trembles at the 
rate of 480,000,000,000,000 of times between every two ticks of a common deck! 

In the same manner, the rate of pulsation of the retina corresponding to other tints of 
colors is determined ; and it Is found that when violet is perceived. It trembles at the xate 
of 720,000,000,000,000 of times per KC0Xid.—Lard7ier, 
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How nuiy the ^^"^ **"^^ ** the junction of two strettns of water, it will 
interference of be noticed that when the waves from each meet in Uie same 
d^knai*?^"** State of vibration, the resulting wave wiU'be equal to the two 
combined; i^ however, one wave is half an undulation behind 
the other, the crest of one wiU meet the hollow of the other, and compara- 
tively smooth water will be the result So if two pencil rays of light, radiat- 
ing from two points, reach a point of interference at the same decree of ele- 
vation, a spot of double the luminous intensity of either will be produced ; 
but if one Is half a vibration behind the other, the result will be^ that a dark 
instead oi a light spot will be apparent. 

noir is color The brilliant tints of soap bubbles, and thin 
th^^^i^erfe^r- p'^tcs of different transparent bodies, are ex- 
ence of light? amplcs of the interference of Kght ; for the 
undulations reflected from the first surface interfere with 
those reflected from the second, and thus produce the 
various colors. 

The varying play of colors exhibited by films of oil on the surfece of water, 
and the iridescent appearance of mother-of-pearl, the scales of fishes, and the 
wings of some insects, are all phenomena resulting from the interference of light. 

whatis doable 700. Doublc rcfractiou is a property whicli 
refraction? certain transparent substances possess, of 

causing a ray of light in passing through them to undergo 

two refractions ; that is, the single ray of light is divided 

into two separate rays. 

ji 275 -^ ^®ry common mineral called "Iceland spar," 

which is a crystallized form of .carbonate of lime, is 

a remarkable example of a body possessing donblo 

refiucting properties. It is usually tran^arent and 

colorless, and its crystals, as shown in Fig. 275, have 

the geometrical form of a rhomb, or rhomboid; — this 

term being applied to a solid bounded by parallel 

faces, inclined to each other at an angle of I05<^. 

„, , , ,^ The manner in which a crystal of 

niastrRte the 

phinomenon of Iceland spar divides a ray of light m- 

Uonf** '®^'*®' to two separate portions is clearly 
shown in Fig. 276 j in which S T 
represents a ray of light, falling upon a surfiice of a 
crystal of Iceland spar, A B E 0, in a perpendicular di- 
rection. Instead of passing through without any refrac- 
tion, as it would in case it had fallen perpendicularly upon 
th3 surface of glass, the ray is divided into two separate 
fays, the one, T 0, being' in the direction of the original 
fay, and the other, T E, being bent or refracted. The 
^rst of these fays, or the one which follows the ordinary f 
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lav of refraction, is colled ihe "ordinal^ ray; the second, which ^ows a 
diffeTtoit law, ia called tho " Qxtr^ordmoFy^ ray. 

Pj 277 -^ ^® ^^^ ^ ^ ''"^ object, as a 

dot» a letter, or a line, through a 
plate of glass, it appears single; but 
if a plate of Iceland spar be sub- 
stituted, a doable image will be per- 
ceived, as two dots, two letters, two 
lines, etc. This result of double re- 
fraction is represented in Fig. 2*11, 
Cr3rstals of many other substances, 
suoh as mica, the topaas, gypsum, etc., 

possess the property of double refraction, but not in so remarkable a degree 

as Iceland spar. 

-,,. . ^, In all these crystals, there are one or more directions along 

What are tne ,.,,. «.i, . , 

axes of double whwh objeots when vxewed through them appear single; 
rcfracaon? ^^^^ direcUons are termed the lines, or axes of double re- 

fraction. In the case of Iceland spar, there is one axis of double refraction, 
i. e., one direction along which objects when viewed appear angle ; this is in 
the direction of the Une A B, Fig, 275, which joins the two obtuse three- 
sided angles. If the summits A and B be ground down and polished, no 
double re&action will occur in looking through the crystal in this direction. 
To hat is th '^^^ ^^ phenomenon of double refraction is due entirely to 

phenomenQii of t3»a mobcuJar Structure of the medium through which light 
*??.^??. - "^^^^ passes, is proved by taking a cube of regularly annealed glassy 
rhich produces but one refracted ray, and heating it unequally, 

g x€ to pressure : a change is thereby effected in the arrangement 

«;iits parts, and double refraction takes place. 

What i« poias- 701. When a ray of light has been reflected 
izedught? £j,^j^ ^-j^Q surface of a body under certain 
special oonditions, or transmitted through certain trans- 
parent crystals, it undergoes a remarkable change in its 
properties, so that it is no longer reflected and refracted 
as before. The effect thus produced upon it has been 
called polarization, and the ray or rays of light thus af- 
fected are said to be polarized. 

THiat are the The name poles is given in physics in gen- 
poie«ofabodyf ^^.^j ^^ ^-j^Q sidcs or cuds of any bodx;which 
enjoy, or have acquired any contrary properties. 

Thus, the opposite ends or sides of a magnet have contrary properties, in- 
asmuch as each attracts what the other repels. The opposite ends of an elec- 
tric or galvanic arrangement are, for like reasons, denominated poles. So also 
iu tho 'taso of light, the rays which have been reflected or transmitted under 
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peculiar conditions are said to possess poles, becanse in some positions they 
can be reflected and In others they can not, and these ixialtions are at z%bt 
angles to one another. 

F lainth di *^^^ ^^ phenomenon of polarized light was discovered in 

coTeryaodpbe- 1808, bjKalos, a joung engineer officer of Paris. Ou one 
SrSS'lifiht***' occasbn, as he was viewing through a double refiacting 
prism (^Iceland spar the light of the sun reflected from a gfass 
window in one of the French palaces, he observed some very peculiar efCects, 
The window accidentally stood open like a door on its hinges at an angle of 
{34^, and Mains noticed that the light reflected from this angle was entirely 
altered in its character. 

This alteration in the character of the light reflected from the glass window, 
which was thus first observed by Mains, may be made dear by the ibllowmg 
experiment : — Suppose we have a cjHnder with a mirror at one end of it If 
wc point this to the sun, and receive the image on a distant screen, we may 
turn the cylinder rotmd on its axis, and the reflected ray will be found to revolTO 
constantly with it But if now, instead of receivmg the ray direct from the son, 
wo allow a beam reflected from a glass plate, at an angle of about 54o to &11 
upon the mirror, and then be reflected on the screen, it will be found that the 
point of light will not have the same properties as that previously examined ; 
it will be altered in its degree of intensity as the cylinder turns round; will 
liave points where it is very bright, and others where it will entirely disap- 
pear. It is thus proved that light reflected from glass at an angle of about 
54^, has undergone some peculiar modification, or, as it has been tenned, 
- has become polarized. 

Certain minerals, especially those called '^tourmalines,** have the prop- 
erty of polarizing a ray of light transmitted through them. 

Fio. 278. If a ray of light be caused to pass throogh 

a thin plate of tourmaline, as e d, Pig. 278, 
in the direction of the line a h, and be re- 
ceived upon a second plate, e f^ placed 
S3rmmetrically with the firsts it passes 
tlirough both without difficulty; but if the 
second plate be turned a quarter round, as 
in the direction ^ ^ the light is tot^y cut ofil 

Ho^ is the poi. According to the undulatoiy theory, the dif- 
S^hT'^^udSf ference between common and polarized light 
*^- may be explained by supposing that in com- 

mon light the vibrations of the ether which produce it 
take place in every possible direction, transverse to the 
path of the ray ; but in polarized light they take place 
in only one direction, or are all in one plane. 

Thus, in the passage of a ray of light through the plate of tourmaline, 
only one set of vibrations is transmitted, while the others are absorbed. 
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The transmitted ray, having all its vibrations in one 
direction, readily passes through a second plate of 
tourmaline, the structural arrangement of which is 
symmetrical with that of the first; but if this ar- 
rangement be altered by turning the plate partially 
round, the vibrations are intercepted. In the same 
manner a sheet of paper, c d, Fig. 279, may be slipped 
through a grating, a 5, its plane coinciding with the length of the bars; but 
can no longer go through when it is turned, as at e/ a quarter round. 

Light is polarized by reflection from many 
i^\y Mfled different substances, such as glass, water, air, 
sDtMta^ * ebony, mother-of-pearl, surfaces of crystals, 
th*Q glass f ^^^ ^^^^ provided that the light falls at a 
certain angle peculiar to each surface. This angle is 
called the polarizing angle.^ 

What are some ®"*^ *^® discoveiy of polarized light, its principles havo 
of the practical been applied to the determination of many practical resultSL 
J^*J2fd ujhf? ^^^' ^* *^ ^®®^ ^^^^ *^** ^ reflected light, come from 
whence it may, acquires certain properties which enable us 
to distinguish it from direct light ; and the astronomer, in this way, is en- 
abled to determine with infallible predion whether the light he is gazing on 
(and which may have required hundreds of years to pass from its source to 
the eye), is inherent in the luminous body itself, or is derived from some other 
source by reflection. It has been also ascertained by Arago that light pro- 
ceeding from incandescent bodies, as red-hot iron, glass, and liquids, under a 
certain angle, is polarized light; but that light proceeding, under the same 
circumstances, from an inflamed gaseous substance, such as is used in street 
illumination, is always in a natural state, or unpolarized. Applying these 
principles to the sun, he discovered that the Ught-giving substance of this 
luminary was of the nature of a gas, and not a red-hot solid or liquid body. 

In a similar manner the chemist is able to determine, by the manner in 
which light is reflected or polarized by a crystallized body, whether it has 
been adulterated by the addition of foreign substances. 

What three 703. Solar light, in addition to the lumin- 
fnltaS^d* *iS o^s principle which produces the phenomena of 
solar light? ^^j^j. qj^^ jg ^j^q causc of visiou, contains two 
other principles, viz., heat and actinism, or the chem- 
ical principle. These principles are invisible to the eye, 
and have only been discovered by their effects on other 
bodies. 

* The phenomena of polarized light are so ahstmae, and depend to so great an extent 
on ei^erimental innstration for their proper comprehension, that an extended descrip- 
tion of them in an elementary work is impossiUe. 
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The constitution of the solar ray may be compared to a Imndle of three sticks^ 
one of which represents beat, another light, and a third the actinic principle. 
We know that these three principles exist in everj ray o€ 
£iair «ukt S ^^ ^^*» because we are able to separate them in a great 
lar light eon- degree fir(»n each other. Thus the luminous principle passes 
^Bdptait*™* readily through a transparent plate of alum, but neariy all tho 
beat is absorbed. Certain dark-colored bodies, on the con- 
trary, allow nearly aU the heat to pass, but obstruct the light. A blue glass 
obstructs nearly all the light and heat of the solar ray, but allows the checi- 
ical principle to pass freely ; while a yellow glass allows light and heat t9 
pass, but obstructs the passage of the chemical influence. 

When we decompose a ray of solar light by 
th?3i *7rinci! means of a prism, and throw the spectrum 
fi^t ^aff^ted upon a screen, the luminous, the calorific, and 
^*^ the actinic radiations will each assume a dif- 

ferent position. All will be refracted by passing through 
the prism, but in different degrees. 

The calorific, or beat radiations will be refracted least, and their maTimnni 
point will be found but slightly thrown out of the right line which the solar 
ray would hare traversed had it not been intercepted by the prism. The 
heat diminishes with much regularity on each side of this line. 

The luminous radiations are subject to a greater degree of lefiraction ; their 
point of maximum intensity being in the yellow ray, lying considerably aboyo 
the point of greatest heat. The light diminishes on each side of it, producing 
orange, red, and crimson colors below the maximum point, and green, blue, 
and violet above it 

The radiations which produce chemical action are more refrangible than 
either the calorific or luminous radiations, and the maximum of ch^nical 
power is found at that point of the spectrum where light is feeble, and where 
scarcely any heat can be detected. 

The positions in the spectrum of the heat and actinic radiations, which are 
invisible to the eye, may be found by experiment. Thus, if we place a deli- 
cate thermometer in the different rays of the spectrum (§ €86, Fig. 268), it 
will be found that the indigo and violet rays scarcely affect it all, while the 
yellow ray, which is the most luminous, is inferior in heating action* to the 
red ray, which, yielding but little light, possesses the greatest amount of heat. 
If now, the thermometer be carried a little below and just out of the red 
ray, into the darkened space, it will exhibit the greatest increase in tempera- 
ture, thus proving the presence of a heating ray in solar light^ independent 
of the luminous ray. In a like manner, by substituting a chemically prepared 
surface, as a piece of photographic paper, for the thermometer, the presence 
of a chemical ray can be proved m the daricened space at the other end of the 
spectrum, and near to the blue and violet rays. 

YOi. Those rays of solar light which are less refrangible than any of tho 
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visible eolored rajs of the spectrum, have aU the properties of radiant heat 
coming from bodies of a lower temperature than 800^ F. Such heat is much 
less refrangible than red light ; but if the temperature of the radiating body 
be increased, it emits, in addition to the rays previoualj emitted, others of a 
higher re&angibility, imtil at last some few of its rajs become as refrangible 
as the least refrangible rays of light The bodj then appears of the same 
color as the least refrangible rajs of light, and is said to be red hot. If it 
be heated more, it emits, in addition to the red, still more refrangible rajs, 
viz., orange ; then (at a higher temperature) jellow rajs are added, and so 
on, until when the bodj is white hot, it emits all the colors visible to us; 
and in some instances (of verj intense heat), even the invisible diemical rajs, 
more refrangible than the violet, are emitted, though in less quantit j than 
in the solar rajs, ^us light t^pears to be nothing more than visible heat, 
and heat invisible light — ^the constitution oi the eje being such that it can 
perceive one and not the other, in the same waj as the ear can appreciate 
vibrations of sound more- rapid than sixteen per second, but not those which 
are less rapid. 

What cnriotis *^^^' "^^ B^^dj of the chemical principle contained in the 
fact has the rajs of solar light has rendered probable the curious &cij that 
ciwlnicat^piln- ^^ substance can be exposed to the sun's rajs without un- 
cipie of light dergoing a chemical change ; and from numerous examples it 
evolved? would seem that the changes in the molecular condition of 

bodies which sunlight effects during the dajtime, is made up during the 
hours of night, when the action is no longer influencing them. Thus dark- 
ness appears to be essential to the health j condition of all organized and un^ 
organized forms of matter. 

rpoinrhatdoei The proccss of forming Daguerreotype and 
ofph^togro^M? other photographic pictures, depends solely 
pictures depend? ^p^j^ ^Yie actiuic, or chcuiical influence of the 
solar ray. 

The term "photographj," signifjring light drawing, which is the general 
name given to this art, is unfortunate and iU-chosen, for not onlj does light 
not exercise anj influence in producing the pictures, but it tends to destroj 
them. 

vnai are the '^^ essential steps of the process of forming a Daguerrc- 
essential steps otjpe picture consist in coating a suitable plate of metal witb 
BuerrrotyBe^*' ^°^® chemical compound eaailj aflected by the action of the 
process? solar raj. Such a coating is usuallj a compound of the ele- 

mentarj bodj Iodine, The plate is then exposed to the imago 
formed bj the lens of a camera obscura. Relativel j, the quantitj of light and 
actinism reflected from any object are the same ; therefore as the light and 
shadows of the luminous image varj, so will the power of producing change 
upon the plate varj, and the result will be the production of an image which 
will be a faithful copj of nature, with reversed lights and shadows ; tho 
lighta darkening the plate, while the shadows preserve it white, or unaltered. 

15* 
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If the plate were then left without further care, the image formed woold 
Booa fiide away, and leave no trace on its sor&ce. In practice, the plate is 
Dot ezpoeed to the influence o( light soiBcientlj long to form upon its sar- 
face an image yisible to the eye, bat the picture is dereloped, or broug^ht out 
and rendered permanent hf exposure to ^e Taper of mercury. This metal, 
in a state of very fine division, is condensed upon and adheres to those por- 
tions of the sur&oe of the plate which have been subjected to the influenco 
of the chemical action. Where the shadows are deep, there is scarcely a 
trace of mercury ; but where the lights are strong, the metallic dust is de- 
posited of consideiable thickness. This deposition of metcury essentially com- 
pletes and fixes the picture. 

The reason why the vapor of mercury attaches itself only to those portions 
of the plate which have been affected by the chemical influence of light is not 
definitely known: in all probabDity, we have involved the action of several 
forces. It is not^ however, necessaiy that a snr&ce should be chemically pre- 
pared to exhibit these results. A polished plate of metal, a piece of marble, 
of glass, or even wood, when partially exposed to the action of light, wiU, 
when breathed upon, or presented to the action of mercurial vapor, show that 
a disturbance has been produced upon the portions which were illuminated ; 
whereas no change can be detected upon the parts kept in the dark. 

That the luminous principle is not necessary for the success 
mwt ^Sowi ®^ ^^ photogrs^hic process, may be proved by the experi- 
thjit tight is ment of taking a daguerreotype in absolute darkness. This 
for UwMOTodnJ ^^^"^ ^ accomplished in the following manner : — A large pris- 
tion of a pho- matic Spectrum is thrown upon a lens fitted into one side of a 
tograp re- ^^^ chamber; and as the actinic power reades in great ac- 
tivity at a point beyond the violet ray, where there is no light, 
the only rays allowed to pass the lens into the chamber are those beyond the 
limit of coloration, and non-lumuious ; these are directed upon any object, and 
firom that object radiated upon a highly sensitive photographic surface. In 
this way a picture may be formed by radiations which produce no effect upon 
the eye. 

What Influence *^^^' ^®^ ^^ many reasons for supposmg that each of the 
do the three three prinoiples, light, heat, and actinism, included in the solar 
Sie^'roiaT ray ^^^J ©^^rcise a distinct and peculiar influence upon vegeta- 
exert on vege- tion. Thus the luminous principle controls the growth and 
***'^" ' coloration of plants, the calorific principle their ripening and 

fructification, and the chemical principle the germination of seeds. Seeds 
which ordinarily require ten or twelve days for germination, will germinato 
under a blue glass in two or three. The reason of this is, that the blue glasa 
permits the chemical principle of light to pass freely, but excludes, in a great 
measure, the heat and the light On the contrary, it is nearly impossible to 
make seeds germinate under a yellow glass, because it excludes nearly all 
the chemical influence of the solar ray. 
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SECTION IV. 



THB BTS, AKD THB PHEKOlfBNA OF TISIOIT. 



If an <^enliig 
be made in the 
■ide of a dark 
chamber hoir 
will images of 
external ob- 
jects be repre- 
seated? 



7 0*7. If we make a small aperture through the shutter of a 
darkened room, the images of external objects will be pic- 
tured indistinctly, and in an inverted positionj upon the op- 
posite walL The reason of this will appear evident fix)m an 
inspection of Fig. 280. It will be seen that the rays of light 
diverging from the top and bottom of the object cross each 
other in passing through the aperture, and consequently form an inverted 
image. This image is rendered more distinct with a small aperture than with 
a large one, since, in the first oase, the rays which proceed from any particu- 
lar part of the object fall only upon the corresponding part of the image, and 
are not scattered indiscriminately over the whole picture, as they would be 
if the aperture was larger. 

Pig. 280. 




Deser{b« the -^ ^^ *^® P^*^ of the room with an aperture in the shutter, 
conitruction of we substitute a dark box, with a double-convex lens fitted 
Otecnra^""*" into one side, a picture will be formed on the opposite side of 
the box, or upon a screen placed at the focal distance of the 
lens. This picture will represent, with great beauty and distinctness, whatever 
13 m front of the lens, all the objects having their proper relations of light and 
shadow, and their proper colors. Such an apparatus is called a Cameka 
Obscura. 

Fig. 281 represents the ordinary construction of the camera obscura. It 
consists of a wooden rectangular box, into which the rays of the light penetrate 
through a convex lens placed at the termination of the tube B. These rays, 
if unobstructed, will form an image upon the opposite side of the box 0, but 
if they are received upon a mirror, M, inclined at an angle of 45®, their direc- 
tion is changed, and the image will be formed upon a screen, or plate of 
ground glass, N, placed at the top of the box. By placing upon this screen a 
sheet of tracing paper, the outlines of the image may be readily copied. 
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Such a modification of the camera is very conyeiiient for artists and trarden 
ia sketching landscapes^ etc. 

Pig. 281. 




IIow does the 
eye resemble 
the camera 
obscura? 



708. The mechanical arrangement of the 
eye in man and the higher animals, is the same 
as that of the camera obscura, being simply a 
double-convex lens, fitted into one side of a spherical 
chamber, through which the rays of light pass to form an 
inverted picture upon the back of the chamber.* 
What is the ^^ man, the organs of vision consist of two 
SroTthHye hollow spheres, each about an inch in diam- 
in man ? q^qj.^ filled with Certain transparent liquids, and 

deposited in cavities of suitable magnitude and form, in 
the upper part of the frbnt of the head on each side of 
the nose. 

The sphere of the eye, or the eye-ball, is 
moved in its socket by muscles attached to 
different points of its surface, so that it is 
capable of being moved within certain limits 
in every direction. 

* This may be proved by taking the eye of i^ reeently-killed bollock and euttinga small 
hole in the upper part of the ball, looking into the interior. 



How- are ire 
enabled to 
more the eye 
in different di- 
rections? 
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Fig. 282. The arrangement of tlicso 

muscles is shown in Fig. 282, 
where the external bones of 
the temple are supposed to bo 
removed in order to render 
them visible. The muscle, 1, 
raises the eyelid, and is con- 
stantly in action while wo are 
awake. During sleep, tho 
muscle being in repose and 
relaxed, the eye-lid falls and 
protects the eye from the ac- 
tion of light The muscle, 4, 
turns the eye upward; 5, 
downward; 6, outward; and 
a corresponding one on the in- 
side, not seen in ibe figure, 
turns it inward. Kos. 2 and 
10 turn the eye round its axis. 

Of what parte '^^^ ^^^ coDsists essentially of four coats, or 
does the eye membraDcs, called the Sclerotic coat, tho 

consist? ' ' 

Choroid coat, the Cornea, and the Eetina ; 
and these coats inclose three transparent liquids, called hu- 
mors — tho Aqueous humor, the Vitreous humor, and the 
Crystalline humor, the lastof which has the form of a lens. 
Describe the Thc Sclcrotic coat is the external coat of the 
Sclerotic coat ^y^^ ^^^^ ^j^^ ^^^ ^p^j^ wHch the maintenance 

of the form of the eye chiefly depends. 

It is a strong, tough 




membrane, and to it the 
muscles which move the 
cyo are attached. It cov- 
ers about four fifths of tho 
external surface of tho 
eye-ball, leaving, however, 
two circular openings, ono 
Icfore and tho other bo- 
l.ind the eye. Its position 
i3 shown at ij Fig. 283. 

What {8 the The 

Cornea? Comoa 

is the clear, trans- 
parent coat which 



Fig. 283. 




350 WELLS'S NATUBAL PHILOSOPHY. 

forms the ftont of the eye-balL It is firmly united to, or 
fixed in the sclerotic coat, like the glass in the case of a 
watch. 

The Coraea is lepreaented at a, Hg. 283. 
What is the ^^6 Choroid coat is a delicate membrane, 
choroidcoatf Hj^g thc inner surface of the sclerotic coat, 
and ooyered on the interior with a black pigment. 

It Is reprasented at k^ Fig. 283. 

What is the ^^ Betiua is a delicate, transparent mem- 
^**"' brane which spreads over the chief part of the 
internal surface of the eye-ball, and is situated imme- 
diately within and close to the choroid coat. 

The position of the Retina is ^own at m, Fig. 283. 

now is the re- The rctiua is formed by the expansion of a 
tins formed? j^qyvq Called the optic nerve, which proceeds 
from the back of the eye through the bones of the skull 
into the brain, and conveys to the brain the impressions 
made by external objects on the organs of vision. If this 
nerve were divided, notwithstanding the eye might be in 
other respects perfect, the sense of sight would be de- 
stroyed. 

No- II, Fig. 282, and n, Fig. 283, exhibit the relative portion of the 
optic nerve. 

whst is the ^^ looking into the eye from without, we 
Iris? perceive a flat, circular membrane, which, in 

different eyes, is of a black, blue, or gray color. This 
membrane is called the Iris, and divides the eye into two 
very unequal portions. 

The Iris is represented at c ei^ Fig. 283. 

. ,^ The Pupil of the eye is the circular black 

What is the . . .-t . n .i . • i • i 

Pupu of the openmg m the center of the ins, and is thj 
^^^ space through which light is admitted int) 

the interior of the eye. 

The open space between c and d^ Fig. 283, represents the pupil It is, 
properly speaking, the window of the eye, and appears black, only becauso 
the chamber within and behind it is dark. When a small quantity of light 
enters the eye the pupil widens or expands; but when a large quantity enters, 
it closes or contracts. 
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The two parts into which the iris divides the eye are 
called the anterior and posterior chambers. 
What are the ^ho anterior chamber, or the space before 
XSS! hi* *^® ^> ^ fi^^d ^^*^ ^ fl^^ resembling pure 
mors? water, and therefore called the aqueous hu- 

mor ; and the posterior chamber, or the space behind the 
iris, is filled with a thick liquid, somewhat resembling the 

lite of an egg, called the vitreous humor. 

» 283, h e represents the aqueous humor, and h the vitreous humor, 
fpccupTing all the interior of the chamber of the eye. 

^crystalline lens is composed of a more solid sub- 

|than either the aqueous or vitreous humor. It is 

within a transparent bag, or capsule, having the 

a double-convex lens, and is suspended imme- 

behind the iris, and between the aqueous and 

humors. 

I and position are represented at/ Fig. 283. 
Twe by 709. Kays of light proceeding from an ob- 
°%?f ject and entering the eye, are refracted by the 
^bjccts? cornea and crystalline lens, and made to con- 
ic to a focus at the back of the eye, and form an 
;e upon the retina. This image, by producing a sen- 
lion upon the optic nerve, conveys in some unknown 
ly to the mind a perception and knowledge of the ex- 
ternal object. 

Fig. 284 represents the manner in ^CJ. 284. 

whid^ the image is formed upon the 
retina in the perfect eye. The curva- 
ture of the cornea, 9 5, and of the ; 
crystaJline lens, e c, is just sufficient 
to cause the rays of light proceeding ; 
from the image, 2 V, to converge to 
the right focus, m m, upon the retina. 

When does dis- Distinct visiou can only take place in the 
tinctviiiiontake qjq w^en the comca and crystalline lens have 
Buch convexities as to bring the rays of light 
proceeding from an object to an exact focus upon tho 
retina. 




852 
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. . Aa the rays of light proceeding from distant objects, e&ter 

enabled to 8«e the eye at different angles, they will naturally tend to meet 
toSyatdiffer- ** diflfeient fod after lefraetion by the eiystalline lene^ and 
entdisUncear thus form indisdnct imagoa This is remedied bj a power 
which the eye possesses of adapting itself to the dkection of 
the light proceeding from rarious distances, so that in the healthy eye, rays 
coming from near and distant objects are all equally converged to a focus on 
the same point of the retina. How the eye effects this is not certainly known, 
bat it is supposed to be by increasing or diminishing the sphericity of th% 
crystalline lens and cornea. 

What ifl the -A. person is said to bo near-sighted when 
JfgModne^' *^® curvature of the cornea end crystalline 
lens is so great, that the rays of light which 
form the image are brought to a. focus before they reach 
the retina, or the back part of the eye. The object, there- 
fore, is not distinctly seen. 

Fig. 285 represents the manner ^^ ^^^* 

in which the image is formed in 
the eye of a near-sighted person. 
The curvature of the cornea, s 9, 
and of the crystalline lens, e c^ is 
so great that the image is formed 
at m m, in advance of the re- 
tina. 

How is Bhort- Short-sightedness is remedied either by holding the deject 
Bightedneu nearer to the eye, or by the employment of spectacles the 

remedied? glasses of which are concave lenses. In both cases the rays 

proceeding from the object enter the eye with a greater degree of divergence, 
and therefore do not conveige so soon to a focus. 
What ii the "^ person is said to be far-sighted when, on 
caoM of far- accouut of a flattcninsc of the cornea and the 

Bishtedness 7 

crystalline lens, the rays of light do not con- 
verge sufficiently to form a distinct image upon the retina. 

Fig. 286. ^^' ^^^^ represents the manner 

in which the image is ionood in 
the eye, when the cornea or crys- 
talline lens is flattened. Tbo per* 
feet image would be produced at 
m m, behind the retina, and, of 
course, beyond the point necessary 
to secure distinct vision. 
Bov may long. Long-sightedness may be remedied by the emploTment of 
^ledieir ^ spectacles, the glasses of which are convex lenses. These^ by 
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increasing the convergence of n^rs of light passing through them, bring them 
sooner to a focos in the eye, and thus produce the image upon the rigl^t point 
of the retina.* 

Most persons of ad\ranced age are troubled with long-sightedness, and aro 
obliged to use spectacles. The reason of tliis is, that as the physical organi- 
zation of the body becomes enfeebled, the humors of the ©ye dry up, or 
are absorbed, and in consequence of this, the cornea and crystalline lens 
shrink and become flattened. 

Beside these defects of the eye, a person may have the sense of vision 
i npaired or destroyed by an injury or disease of the optic nerve, or by a dimi- 
n ition of the transparency of the ciystalline lens; the first of these cases is 
cilled amaurosis^ and is incurable — ^tho second, which is called ccUa/ract^ may 
bo cured. 

As the images '^^ images formed by the rays of light upon the retina are 
on the retina inverted. It may, therefore, be a^ked vrhy aU visible objects 
why do^enot ^^ ^^* appear upside down? The explanation of this curious 
see them up- pointy which has formed the subject of much dispute, appears 
nde own? ^ ^ ^j^. ^^ object appears to be inverted only as it is com- 
pared with some other objects which are erect If all objects hold the same 
relative position, none can be properly said to be inverted. Now, since all 
the images produced upon the retina hold, with relation to each other, the 
same position, none are inverted with respect to others; and as such images 
alone can be the object of vision, no one object of vision can be inverted with 
respect to any other object of vision ; and, consequently, all being seen in the 
same position, that position is called the erect position. 

710. The optic axis of the eye is a line 
optic axis of drawn perpendicularly through the center of 

^ ^^* the cornea, and center of the eye-ball, 

^^d^we*^"? ^^^ reason why with two eyes we do not see 
Jo1nt*Sf aS*S! <Jouble is, because the axis of both eyes is 
jectdoahie? tumcd to ouc poiut, and therefore the same 
impression is made on the retina of each eye. 

The law of vision for visible objects is entirely different firom that for points. 
A visible object can not, in all its parts, be seen single at the same instant of 
time, but the two eyes converge theu: axes to the near and the remote parts of 
it in succession, and thus give an idea of the different distances of its parts. 
Any defect which will prevent the two eyes from moving together conjointly, 
and from converging their optic axes upon every point of an object in succes- 
sion, will be fatal to distinct vision. 

* Birds of prey are enabled to a^Iost their eyes so as to see objects at a great distance, 
and again those which are very near. The first is accomplished by means of a muscle in 
the eye, which permits them to flatten the cornea by drawing back the crystalUne lens ; 
and to enable fhem to perceive distinctly yery near objects, their eyes are fhmished with 
a flexifolQ bony rim, hy which the cornea is thrown forward at wiU* an4 the eye thus ren* 
dered near-sighte^ 
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Double vision may he produced by pressing 
bie vision be Biiffhtly froni the Side upon the ball of ^ther 

produced? iT-i . • t5 i. xu r 

eye while viewing an object ; the pressure of 
the finger prevents the ball of one eye from following the 
motion of the other^ and the axis of vision in each eye 
being rendered different^ we see two images. 

Strabismtts, or squinting, is caused hy the ini^^ilily of one eye to.fi>Ilow the 
motions of the other, and persons so affected always see double ; practice, 
however, gives them power of attending to the sensation of only one eye at a 
time. 

It is from this inability of the eye to fix its optical axis that drunkards see 
double. 

How do we *^^' ^® j^dg® of *^® distance and size of 
jndge J' Md ^^ object by the relative direction of lines 
Bize of en ob- drawn from the object to the eye, and by the 
** angle which the intersection of these lines 

makes with the eye. This angle is called the angle of 
vision. 

Fia. 287. 

A 




The student will bear in mind that an angle is amply the 

M^eofviBira! inclination of two lines without any regard to their length. 

Thus, in Fig. 287, the lines drawn from A and B, and D, 

which may be supposed to represent rays of light, meet at the eye, and form 

an angle at the point of intersection. This angle is the angle of vision. 

If A B, "Fig, 287, represent a man on a distant mountain, or on a chTircli 
steeple, and G D a crow dose by, the angle formed by the inclination of th'^ 
lines proceeding from the two objects will be equal, or the line A B, which i^ 
the height of the man, will subtend the same angle as the line C D, which is 
the height of the crow; and therefore the man appears at such a distance no 
lai^ger than a crow. 

Ho 1 tb ^® nearer an object is to the eye, the greater must be the 

eni^e of rision inclination of the lines drawn from its extremities to intersect 

Sj^^^j ^ and form an angle at the eye, and consequently the greater 

win be its angle of vision. On the contrary, ^e more remote 
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an object is from the eye, the less wfll be the inclination of the Knes, and the 
less the angle of vision. The nearer an object is to the eye^ therefora the 
lai^g;^ it will appear. 

Fig. 288. 




Thus the trees and hooses &r down a street or avenue appear smaller than 
those near by, and the sizse of a vessel seen at sea diminishes with the increase 
of distance, as is shown in Fig. 288. The moon, on account of lis proximity, 
appears much larger than any of the stars or planets, although it is^ in fact, 
very much smaller. 

FiQ. 289. 
X 




Let A B, Fig. 289, represent a planet, and G D the moon. The angle of 
vision which the planet A B makes with the eye at Q-, is evidently less than 
the angle which the moon subtends at the same point To a spectator at G-, 
therefore, A B, though much the larger body, will appear no larger th^ 
E F; whereas the moon, C D, will appear as large as the hue CD. ^ 

When wfll an *^12. When an object is so remote, or so 
M^'^i *^,SSe sniflil? that lines drawn from its extremities 
point? fQpuj ijQ appreciable angle at the eye, the ob- 

ject appears as a mere speck or point. 
How sman an ^^^ ^7®? ^^^^ ^^ Ordinary amount of light, 
totlfely^?"*** can see an object which occupies in the field 
of view a space of only the sixtieth of a de- 
gree (or one minute). 

This space is about the 100th of an inch in a circle of twelve inches diameter, 
the eye being supposed to be in the center of the circle. Now a body smaller 
than this at six inches from the eye, or any thing, however large, placed so 
far from the eye as to occupy in the field of view less space than this^ is invis- 
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ible to ordinary sight. At four miles qitt a man beeomefl tiraa inT]sa>le^ and 
a pin-head near by wiU hide a house on a distant hill.^ 

What do ire *^^^' Whcu we Bay we see an object, we 
Sy'^r^S mean that the mind is taking cognizance of a 
oyectf picture or image of the object formed on the 

retina. The manner in which the sensation is conveyed 
by the optic nerve to the brain, and a knowledge of the 
external object imparted to the mind, is entirely un- 
known. 

As the i»oture, or image on the retloi^ is tened oa a com- 
of sight gire piuutivelj flat BUT&ce, the sense of sight can not of itself aA 
oeptionofforaL ^'^^ "^^ immediate perception of thei distance, »ze, or position 
size, poBitioQ, of external objects. This knowledge we g^ hj experience 
®^^ ' derived from continued observation, and from the other senses. 

A young child has no conception of distancei and grasps at the moon as if 
it were an object immediately within its reach. Persons bom bhnd uaad re- 
stored to sight by surgical operations, although able to see distinctly, can not 
properly comprehend any object or prospect before them. "I see men as 
trees walking," sidd the man bom blind when restored to sight. Individuals 
thus situated acquire the correct sense of vision only by degrees, like in&nts, 
and it Is by experience that they leam to walk about among the objects 
around them, without the oontinual apprehension of striking themselves 
against every thing they behold. 

What is Per- Perspective is the name given to that science 
Bpective? which teaches how to draw on a plane surface 
true pictures of objects as they appear to the eye from any 
distance and in any position. 

The skill of the artist consists in rightly applying the laws and principles 
9 perspective ; and a picture is perfect to the extent in which it agrees with 
our experience of the objects it represents. 

714. Many optical and mental delusions are occasioned 
in estimating the size, figure, and position of objects, by 

* *' The smaUeet partiole of a -rhite Babsteiioe disttngnisliaMe by the naked eye ttpon a 
black ground, or of a black aabatance upon a vMto ground, is about the l-400th of an 
inch square. It is possible, by the closest attention, and by the most f&Torable direction 
oflight, to reoognise particles that are only l-540th of an inch square, but irithout any 
sharpness or certainty. But particles which strongly reflect light may be seen when not 
half the siae of the least of the foregoing : thus, gold dust of the fineness of l-1185th of an 
inch may be discerned by the naked eye In common daylight When parades ttiat can 
not be distinguished by themselves with Uie naked eye are placed in a row, they beoome 
visible ; and hence the delicacy of vision is greater for lines than for single particles.. 
Thus, opaque threads of no more than l-4900th of an inch across, or about half the diam- 
eter of the sQkworm^s fiber, may be discerned with the naked eye when they are held 
toVard the light*'— Z>r. CktrpmUr. 
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an etfbtieous application of the experience which in ordi- 
nary cases supplies true and accurate conclusions. 

Thus, to most persons a oonflagration at night, however 
xni8|aAg& the distant^ appears as if very near. The explttoation of ^lis mis- 
fij^fa **ti» **^® ^ ^ follows .'—Light radtating from a center rapidly 
xdght r weakens as the distance from the center increases, being, for 

instance;, GDly one fourth part as intense at double the dis- 
tance. The eye learns to make these allowances, and by the clearness and 
intensity of the light proceeding from the object, judges with considerable ac- 
coracy of the oomparative distance. But a fire at night appears uncommonly 
brilliant, and therefore seems near. 

The eyening-stai- rising over a hill-top, appears as if situated directly over 
the top of the eminence. The reason of this also is, that in judging we make 
brightness and clearness to depend on contiguity, as it ordinarily does; and 
as the star is bright, we unconsdoui^y think it near ua 
Why do the mm ^^ consequence of terrestrial objects being placed in dose 
and nu>on ftp- comparison, the sun and moon appear larger at their rising 
S'hSi rtrfk^aS *^ 8ettkig than at aay other time. This ilhoion is wholly a 
setting than a» mental one^ since the organs of vision do not present to us a 
ot er times f larger image of the sun or moon in the horizon than when in 
the zenith, or overhead. 

Why does tfce "^^ moon, although a sphere, appeaars to be a flat sur&ce, 

moon, a sphere, since it is SO remote tiiat we are unable to distinguish any 

St MirfiJro ? * diflferenee between the length of the rays reflected from the 

dreumference, and those reflected from tke center. 

Thus the rays A J) and B, Fig. 290, appear to be no longer than the ray 

_ B D ; but if all the rays seem 

±10. 290. ^^ ^^ g^^^ length, the part B 

Jk ■■ — — -^ wiU not seem to be nearer to 

us than A and ; and there- 
fore the curve ABC will loq|| 

like a fiat, or horizontal surface. The rays A I> and G B aa^ 240,000 miles 

long. The ray B B is 238,910 miles long. 

What two 715. In order that the eye may see distinctly, 
iei^fo/dSl the picture formed upon the retina must be 
tinctviBien? illuminated to the right degree, and it must 
also i>emain su£Glciently long upon the retina to produce a 
sehsiation upon the optic nerve. 

The image of an object on the retina may be illuminated too much or too 
little to produce a sensible perception of its form. Thus, we can gain no idea 
of the form of the sun by viewing it in the dear sky, because the degree of 
illumination is so gteat, that the sense of vision is overpowered, just as sounds 
are sometimes so intense as to be deafening. That it is the intense splendor 
alone which prevents a distinct perception of the sun's figure, is rendered 
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evident by the &ct that when a portum of the lig^t is cat off bj a ooloi^ 
glaM^ or a tiiin doud, the image of the son is seen daatintiOy, On tlie con- 
traiy, we (ail to peroeiYe many staia at night, because the images ihey pro- 
duce on the retina are too fiintlj illnminated to produce sensation. That 
some light from soch stars actoallj enters the eye, is proved by the fact that 
if we place a lens before the eye, and ooUect a greater qiumti^ of their light 
upon the retina^ they at once become visible. 

Can the eje ^hc eyc poBsesses a limited power of accom- 
d^?Li*!fm!!? modating itself to various degrees of illumi- 
"^'**»°' nation. In the dark, the pupfl of the eye 
enlarges its opening, and allows a greater number of rays 
to fall upon the retina ; in the light, the pupil contracts 
in proportion to the intensity of the illumination, and 
diminishes the number of rays falling upon the retina. 

Why in i '^^ change does not take place instantaneously. When 

from* the light we leave a brilliantly iDaminated apartment at nig^t and go 
do Ve *find' tt ^*® *^® ^^^ Street, we are unable for a few moments to see 
difficult mt fint any thing distinctly. The reason of this is, that the pupil of 
to^^wjo wiy ^Q gy.^ which has become contracted in the light, is unablo 
to collect sufficient rays firom the objects in the dark to see 
them distincQy. In a few moments, however, the pupil dilates, allows more 
rays to pass through its aperture, and we see more distinctly. The reverae 
of this takes place when we go from the dark into tlie light Cats, owls, and 
some other animals are able to see distinctly in the dark, because they have 
the power of enlarging the pupils of their eyes so as to collect the scattered 
rays of light. 

Every impression made by light remains for a certain length of time on 
the retina of the eye, according to the intensity of its effects, and a measur- 
able period is necessary to produce a sensation. 

,p^ . fafita ^® ^'^ unable, when riding rapidly on a railroad, to count 
prove the con- the posts of an adjoining fence, because the light from eadi 

iS^rSJSiSe P*^ ^^"^ ^P^^ *^® ®y® ^ ^^^ ^^^^ succession, that the dif- 
rettoa after the ferent images become confused and blended, and we do not 
appMiredr ^^ obtain a distinct vision of the particular parts. 

If we rotate a stick, lighted at one end, somewhat rapidly, 
it seems to produce a complete circle of fire ; the reason of this is, that tho 
cyo retains the image of any bright object for some little time after the object 
U withdrawn ; and as the light of the stick returns to each particular point of 
its path before the image previously formed has feded &om the retina, it seems 
to form a complete circle of fire. 

^Vh is it t ^^ continuance of the impression of external objects on 
dark when ve the retina afi;er the light proceeding from &iem has ceased to 
"^'^^^ ' act, is the reason also why we are not sensible of darkness 

when wo wink. 
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Tho apparent motion of certain colored figures in worsted work, known by 
tbe name of the " dancing mice," is due to the &ct that when the sor&ce 
is moved in a particular direction, as ttom side to side, the impression of the 
color on the retina remains for an appreciable interval after the figures hare 
moved, and this gives to them an apparent motion. This effect will not, 
however, take place unless the colors of the figures and the ground-work are 
very brilliant and complementary of each other, as red upon a green ground. 

wheniflinotion "^16. No motion is perceptible to the eye 
tS'S^riy^?*® which has a less apparent velocity than one 
degree per minute. 

It is for this reason that the motions of the heavenly bodies are invisible, not- 
', their immense velocity. The apparent motion of the sun, moon, 
; to the revolution of the earth, is one quarter of a degree a 
i if the earth revolved on its axis in six hours instead of twenty- 
L the celestial bodies would have a motion of one degree per minute, 
• movements would be distinctly perceptibla 
be same reason, the motions of the hands of a dock are not per- 

> the eye. 

he contrary, when a body moves with such rapidity from one position 

her, that its image does not remain long enough upon one point of the 

sufficiently impress it^ it becomes invisible. Hence it is that a 

I fix>m a cannon, and passing transversely across the eye, is not 

Apparent motion is a£fectedby distance, and 

the motion of a body which is visible at one 

distance may be invisible at another, inasmuch 

the angular velocity will be increased as the distance is 

iminished. 

Thus, if an object at a distance of 5Vi feet firom the eye move at the rate 
of a foot per second, it will appear to move at the rate of one degree per 
second, inasmuch as a line one foot long at 5*1^ feet distance subtends an 
angle of one degree. Now if the eye be removed from such an object to a 
distance of 115 feet, the apparent motion will be half a degree, or thirty min- 
utes per second ; and if it bo removed to thirty times that distance, the ap- 
parent motion will be thirty times slower. Or if, on the other hand, the eyo 
be brought nearer to the object, the apparent motion will be accelerated in 
t'^cactly the same proportion as the distance of the eye is diminished. 

A cannon-ball moving at 1,000 miles an hour transversely to the line of 
vision, and at a distance of fifty yards fi-om the eye, will be invisible, since it 
will not remain a sufficient time in any one position to produce perception. 
The moon, however, moving with more than double the velocity of the can- 
non-ball, being at a distance of 240,000 miles, has an apparent motion so alow 
&s to be imperceptible to the unassisted eye. 
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bPtlOAL IKSTBT7XBKT8. 

*ll*l. The portable camera obscura, such as la ordinarily 

toed for photogr^hic purposes, cx)iisists of a pair of achro- 

matio doable convex lenses, set in a brass mounting (see Fig. 

Pig. 29L 291), into a box consisting of two parts, one of which 

slides within the other. The total length of the box is 

adjusted to suit the focal distance of the len& In the 

back of the box, which can be opened, there is a square 

- ^^ piece of ground glass which receives the images of tho 

Hill I III iiiiaq objects to wMch the lens is directed, and by sliding iiko 
movable part of the box in or out, the 
ground glass can be birought to the 5^« 292. 

precise focua The interior of the box 
is blackened all over to extinguish 
'any stray light 

The appearance of the camera as 
described is represented by Fig. 292. 

What are Spec- 718. Specta- 

ucies? ^jgg consist of 
two glass or crystal lenses, 
of such a character as to 

remedy the defects of vision in imperfect eyes, — mounted 
in a frame so as to be conveniently supported before the 
eyes. 

Spectacles are of two kinds, namely those 
convex glasses, which magnify objects, 
their images nearer to the eyes ; 
and those with concave glasses, which diminish the ap- 
parent size of objects, or extend the limits of distinct 
vision. 

Somo persons, in order to protect the eye from excesave fight, use blao 
glasses as spectacles; they are, however, more mischievous than useful, slnco 
they absorb different parts of the spectrum unequally, and transmit the violet 
and blue rays. 

719. A Microscope is any instrument which 
magnifies the images of minute objects, and 
enables us to see them with greater distinctness. This 
result is produced by enlarging the angle of vision under 
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which the object is seen — since the apparent magnitude 
of every body increases or diminishes with the size of this 
angle. 

Microscopes are of two kinds— simple and compound. 
In the simple microscope, the object under 

What are tho . ,. • • t -i- i . , 

tw^o varieties exammatiou IS viewed directly, either by a 

of microscopes? . , , . , 

Simple or compound converging lens. 
In the compound microscope, an optical image of tho 
object, produced upon an enlarged scale, is thus viewed. 

The simple microscope is generaUj a simple convex Ions, in the tqcus of 

which the object to be examined 
is placed. Little spheres of glass, 
formed hy melting glass threads 
in the flame of a caudle, form 
very powerful microscopes. 

Fig. 293 represents tho mag- 
nifying principle of the micro- 
scope. An eye at E would seo 
the arrow A B, under the visual 
angle A E B ; but when the 
lens, F P' is interposed, it ia 
seen under the visual angle at 
A^ E B', and hence it appears. 



WlQ. 293. 




much enlarged, as shown in tho image A' B'. 

Fig. 294 represents the most im- 
proved form of mounting a simple 
microscope. A horizontal support, 
capable of being elevated or depressed 
by means of a screw and ratch-work, 
D, sustains a double-convex lens, A. 
The object to be viewed is placed 
upon a piece of glass, C, upon a stand- 
ard, B, immediately below the lens. 
As it is desirable that the object to 
be magnified should be strongly 
illuminated, a concave mirror of glass, 
M, is placed at tho base of the instru- 
ment, inclined at such an angle as to 
reflect the rays of light which fall 
upon it directly upon the object. 

What., tho 720. The Com- ^^ 
r'Smpouai pound Micro- : 
Microscope ? gcopc, in its most 
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simple form, consists of two lenses, so arranged that 
the second lens magnifies the image formed by the first 
lens, or simple microscope. In this way the image of 
the object is examined by the eye, and not the object 
itself. 

The first of these lenses is called the object- 
glass, or objective, since it is always directed 
immediately to the object, which is placed 
very near it ; and the latter the eye-glass, or 
eye-piece, inasmuch as the eye of the observer is applied 
to it to view the magnified image of the object. 



ITow are the 
lenses of a 
compound mi- 
cro icope desig- 
1? 



luxted ? 




Fig. 295 illustrates the magni^ing principle of the compoand microsoope. 
O represents the object-glass placed near the object to bo viewed, A B, and 
G, the eye-glasa placed near the eye of the observer, E. Tlie object-glass, O, 
presents a magnified and inverted image, a 6, of the object at the focus of the 
eye-glass, Gr. The image thus formed, by means of the second lens or eye- 
glass, G, is magnified and brought to the eye at E, so as to appear under tho 
enlarged visual angle, A' E B'. If wo suppose tho object-glass, 0, to have a 
magnifying power of 25 — ^that is, if the imago a h equals 25 A B, and tlio 
eyo-gl:iss, G, to have a magnifying power of 4 — then tho total magnify in <^ 
power of tho microscope will be 4 times 25, or 100; that is to -say, tho 
iiuage wHl appear 100 times the size of the object. 

Fig. 296 represents the most approved form of mounting tho lenses 
which compose a compound microscope. The tube, A, which contains in 
its upper part the eye-glass, sHdes into another tube, B, in the bottom of 
which the object-glass is fixed ; this last tube also moves up and dowTi in 
tho stand, C, and in this way the lenses in the tubes may be adjusted to tho 
proper distance fi-om each other and tho object. 11 is a mirror for reflecting 
light upon the object, and S a support on which the object to be examined 
is placed. 
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"Wlutt is a 
TeleBoopdf 



721. A Telescope is any I^c^. 296. 
instrument which magni- 
fies and renders visible to the eye the 
images of distant objects. This result 
is effected in the same manner as in 
the microscope, viz., by enlarging the 
visual angle under which the objects 
are seen. 

Telescopes are of two 

kinds, refracting telescopes 

and reflecting telescopes; 
the principle of construction in both 
being the same as that of the com- 
pound microscope. 

722. The Eefracting 
Telescope consists essen- 
tially of two convex lenses, 

the object-glass and the eye-glass. 
An inverted image of an object, as a 
star, is produced by the object-glass, 
and magnified by the eye-glass. 

Pig. 297 represents the principle of construction 
of the astronomical refracting telescope. is an 

object-glass placed at the end of a tube, which collects the rays proceeding 
from a distant object and forms an inverted imago of the same at o o% in the 
focus of the eye-glass, Q-. By this the image is magnified and viewed by the 
eye at EL 

PiO. 297. 



How many 
kinds of t^e- 
Bcopea ore 
there? 



What is a Re- 
fracting Tde- 
scope ? 





What is 
I^quatoiial 
Telescope ? 



723. When a telescope is mounted on an 
axis inclined to the latitude of a place, so that 
it can follow a star, or planet, in its diurnal 

revolution, by a single motion, it is called an Equatq- 

r.iAL Telescope. 

Such an instrument is generally moved by clock-work, and is accurately 
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counterbalanced bj an arrangement of weights. A small telescope called tiio 
finder, is attached near the eye end of the large one ; this is so adjusted Ihat 
when the object is seen through it, it appears in the field of the large tele- 
scope, thus saving much trouble in directing the instrument toward any par- 
ticular object. 

The mounting and attachments of an equatorial telescope are represented 
in Fig. 298. 

Fio. 298. 




What is a Spj- 
glass? 



724. A spy-glass, or terrestrial telescope, 
differs from an astronomical telescope only in 
an adjustment of lenses, which enables the observer to see 
the images of objects erect instead of inverted. This Ij 
effected by the addition of two lenses placed between the 
eye and the image. 

The arrangement of the lenses, and the course of the rays of light, in a 
common spy-glass, are represented in Fig. 299. is the object-glass, and C 
L M the eye-glasses, placed at distances from each other equal to double their 
focal length. The progress of the raj^s through the object-glass, 0, and the 
first eye-glass, 0, is the same as in the astronomical telescope, and an inyerted 
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image is fonned ; but the second lens, L, reverses the image, which is viewed 
therefore, in an erect position bj the last eye-glass, M. 

Fia. 299. 

On 




Fig. 300. 




What is the 725. The common opera-glass, also called 
construction^of j-j^^ Galilean telescope from Galileo, its in- 
siass? ventor, consists of a single convex object-glass 

and a concave eye-glass. 

Fig. 300 represents 
the construction of this 
form of telescope. is 
a single convex object- 
glass, in the focus of 
which an inverted image 
of the object would be naturally formed, were it not for the interposition of 
the double-convex lens, E. This receiving the converging rays of light, 
causes them to diverge and enter the eye parallel, and form an erect image. 

whatis a Re- 726. A Eeflccting Telescope consists essen- 
Bcopef ^^^" tially of a concave mirror, the image in which 
is magnified by means of a lens. The mirror 
employed in reflecting telescopes is made of polished 
metal, and is termed a speculum. 

The manner in which the rays of light filing upon the concave speculum 
of a reflecting telescope are caused to converge to a focus is clearly 8ho\\Ti 
in Fig. 301. The image formed at this focus is viewed through a double- 
convex lens. 

FiQ. 301. 




Fig. 302 represents one of the earliest forms of the reflecting telescope, called 
from its inventor, Mr. Gregory, the " Gregorian Telescope." It consists of 
a concave raetollic speculum, A B, with a hole in its center, and a convex 
eye-glass, E, the whole being fitted into a tube. An inverted imago, n' m', 
of a distant object is formed by the speculum, A B ; this imago is again 
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reflected by a BDall 
mirror, C D, and forms 
an erect image at n m, 
which is magnififtd bj 
the lenfl^ E, when ob* 
aeired by the e/eu 

Another form of 
the reflecting tele- 
scope, called the 
Newtonian, is rep- 
resented in Fig. 303. 
It consists of a large 
concave Bpeculum, 
A B, set in one end 
of a tube, and a small plane mirror, C D, placed obliquely to the axis of the 
tube. The image of a distant object formed by the speculum, A B is reflect- 
ed by the mirror, C D, to a pomt, m' «', on the side of the tube, and is there 
viewed through an eye-glass, E. 

FiQ^ 304. Large reflecting telescopes, 

at the present day, are so con- 
structed as to dispense with 
the small mirror. This is ac- 
complished by slightly inclin- 
ing the large speculum, so as 
to throw the image om one 





side where it is viewed by an eye-glass, as is represented in Fig. 304. 

Pia. 305. 
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The largest telescope ever oonstracted is that made by Lord Bosse. This 
instrument, which is a reflecting telescope, ia located at Parsonstown, in 
Ireland. Its external appearance and method of mounting is represented in 
Fig. 305. The diameter of the speculum is 6 feet, and its weight about 4 tons. 
The tube in which it is placed is of wood hooped with iron, 52 feet in length, 
and 7 feet m diameter. Ifc is counterpoised in every direction, and moves 
between two walls, 24 feet distant, 72 feet long, and 48 feet high. The ob- 
server stands on a platform which rises or falls, or at great elevation upon 
sliding galleries which draw out from the wall 

This telescope commands an immense field of vision, and it is said that ob- 
jects as small as 100 yards' cube, can be distinctly observed by it in the moon 
at a distance of 240,000 miles.* 

whatiaaMagio ^27. The Msgic Lantem is an optical in- 
Lantern? strument adapted for exhibiting pictures paint- 
ed on glass in transparent colors, on a large scale, by means 
of magnifying lenses. 

Fia. 306. 




It consists of a metallic box, or lantem, A A'^, Fig. 306, containing a lamp, 
L, behind which is placed a metallic concave mirror, p q. In front of tho 
lamp are two lenses, fixed hi a tube projecting from the side of the lantern, 
one of which, m, is called the ^uminator, and the other the magnifier. Tho 
objects to be exhibited are painted on thin plates of glass, which are intro- 
duced by a narrow opening in the tube, c d, between the two lensea Tho 
mirror and the first lens, m, serve to illuminate the painting in a high degree, 
for the lamp being placed in their foci, they throw a brilliant light upon it, 
and the magnifying lens, n, which can slide in its tube a little backward end 
forward, is placed in such a position as to throw a highly magnified image of . 
the drawing upon a screen, several feet ofl*, the precise focal distance being 
adjusted by sliding the lens. The further the lantem is withdrawn fi^om tho 

* By the rfd of this mighty instmmeiit, " one of the most wonderfal contributions of 
art and science the world has yet seen,** what astronomers have before called nebnla, on 
account of their cloud-like appearance, have been discovered to be stars, or suns, with 
planets moving round them, like those which revolve round onr own sun. In the con- 
stellations Andromeda and the sword-hilt of Orion, both of which are visible to tho t 
eye, these cloud-like patches have been seen as clusters of stara 
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fcreeo, the larger the image will appear; but whan the distance is oonsideza- 
ble the image becomes indtstinct 

wh*tarcDi8- ^^^' ^^^ beautiful optical combinatioiis 
Bivingviews? tnown as Dissolving Views are produced by 
means of two magic lanterns of equal power^ so placed as 
to throw pictures of precisely equal magnitude on the 
same part of the same screen. By gradually closing 
the aperture of one lantern and opening that of the other, 
a picture formed by the first may seem to be dissolved 
away and changed into another. 

Thus, if the pictore prodaced by one lantern represents a day landscape, 
and the picture produced by the other the same landscape by night, the ono 
may be changed into the other so gradually as to imitate with great exactness 
the appearance of approaching night 

whutisasoiar 729. The Solar Microscope is an optical in- 
Microscopef strumcnt constructed on the principle of the 
magic lantern, but the light which illuminates the object 
is supplied by the sun instead of a lamp. 

This result is effected by admitting the rays of the sun into a darkened 
room, through a lens placed in an aperture in a window shutter, tine rays 

being received by a plane mirror fixed ob- 
liquely, outside the shutter, and thrown 
horizontally on the lens. The object is 
placed between this lens and another 
smaller lens, as in the magic lantern ; and 
the magnified image formed is received upon 
a screen. In Fig. 30*7, which represents 
the construction of the solar microscope, 
is a plane mirror, A the illuminating lens^ 
and B the magnifying lens. The objects to 
be magnified are placed between the lenses A and B. In consequence of 
the superior illumination of the object by the rays of the sun, it will bear to 
be magnified much more highly than with the lantern. H^ice this form of 
microscope is often employed to represent^ on a very enlarged scale, various 
minute natural objects, such as animalculsd existing in various liquids, crys- 
tallization of various salts, and the structure of vegetable substances. 
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CHAPTER XV. 

ELBCTRICITT. 

What is Eiec- 730. ELECTRICITY is One of those subtle 
^^^^^ agents without weight, or form, that appear to 
be diffused through all nature, existing in all substances 
without affecting their volume or their temperature, or 
giving any indication of its presence when in a latent, or 
ordinary state. When, however, it is liberated from this 
repose, it is capable of producing the most sudden and 
destructive effects, or of exerting powerful influences by 
a quiet and long-continued action. 

How may dec "^^31. Elcctricity may be excited, or called 
cited? be ex- j^^^ activity by mechanical action, by chemical 
action, by heat, and by magnetic influence. 

We do not know any reason why the means above enumerated should de- 
velop electricity from its latent condition, neither do we know whether elec- 
tricity is a material substance, a property of matter, or the vibration of an 
ether. The general opmion at the present day is that electricity, like light 
and heat is the result of vibrations of an ether pervading all space. 

now is eiec 732. The most ordinary and the easiest way 
e^y excS^I of cxciting elcctricity is by mechanical action 

— by friction, 
no^ doc. eiec If we Tub s, glass rod, or a piece of sealing- 
hT^ SctiSn wax, or resin, or amber, with a dry woolen, or 
manifeetitseif? gjjj^ Bubstancc, thcsG substauccs will imme- 
diately acquire the property of attracting light bodies, 
such as bits of paper, silk, gold-leaf, balls of pith, etc. 

This attractive force is so great, that even at the dis- 
tance of more than a foot, light substances are drawn to- 
ward the attracting body. The cause of this attraction 
is called electricity. 

Thales, one of the seven wise men of Greece, noticed and recorded the 
fact more than two thousand years ago, that amber when rubbed would at- 

16* 
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When ii a body 
nid to be alae- 
trifiedr 



What is eleetrie 
attFMtloiir 



tract light bodies ; and the name electricUy^ used to deagiute such pheno- 
mena haa been derived from the Greek word ifXexTpoVf electron, signifying 
aanber. 

What other ef- ^^ *^® frictioii of the glass, wax, amber, etc., 
tSSi^Sn^ ^ vigorous, small streams of light will be seen, 
ei^ricuj^^y* a crackling noise heard, and sometimes a re- 
friction? markable odor will be perceived. 

733. When, by fnction or other means, elec- 
tricity is developed in a body, it is said to be 
electrified, or electrically excited. 

The tendency which an electrified body has 
to move toward other bodies, or of other bodies 
toward it, is ascribed to a force called electric attraction, 
whatiaeiectrio Evcry electrified body, in addition to its at- 
repuision? tractivo force, manifests also a repulsive force. 
This is proved by the fact that light substances, after 
touching an electrified body, recede f5rom it just as actively 
as they approached it before contact. Such action is as- 
cribed to a force called electric repulsion. 

Thus, if we take a dry glass rod, rub it wcU 
with silk, and present it to a light pith ball, or 
feather, P, suspended from a support hy a ^Ik 
thread, the ball or feather will be attracted to- 
ward the glass, as seen at G, Fig. 308. After it 
has adhered to it a moment, it will fly off, or be 
repelled, as P' from^. 

The same thing will happen if sealing-wax be 
rubbed with dry flannel, and a like ezperimoit 
made ; but with this remarkable difference, that 
when the glass repels the ball, the sealing-wax attracts it, 
and when the wax repels, the glass will attract Thus if we 
suspend a light pith ball, or feather, by a silk thread, as in 
Fig. 309, and present a stick of excited sealing-wax, S, on 
one side, and a tube of excited glass, G, on the other, the ball 
will commence vibrating like a pendulum frx^m one to the 
other, being alternately attracted and repelled by each, the 
one attracting when the other repels; hence we conclude 
that the electricities excited in the glass and wax are different. 

, ,^ 784. As the electricity developed by the 

Is there more «.. «, iii.i i 

ttMiOTo kind friction of glass and other like substances is 
essentially different from that developed by 



Fig. 308. 



m/- 



Fia 309. 




ELECTRICITY. 871 

the friction of resin, wax, etc., it has been inferred that 
there are two kinds or states of electricity — the one called 
vitreous, because especially developed on glass, and the 
other resinous, because first noticed on resinous sub- 
stances. 

What is iho The fundamental law which governs the re- 
STOteiLl*'^a^ lation of these two electricities to each other, 
Jip^iSdSuf"'* and which constitutes the basis of this depart- 
ment of physical science, may be expressed as 
follows : — 

Like electricities repel each other, unlike electricities 
attract each other. 

Thus, if two substances are charged with vitreous electricity, they repel 
each other; two substances charged with resinous electricity also repel each 
other ; but if one is charged with vitreous^ and the other with resinous elec- 
tricity, they attract each other. 

whenisabody ^35. Whcu a body holds its own natural 
non-eiectrifiedf quantity of elcctricity undisturbed, it is said 
to be non-electrified. 

J When an electrified body touches one that 

trifiS* body is non-electrified, the electricity contained in 
non-eieotrified, the formcr is transferred in part to the latter. 

what occurs ? 

Thus, on touching the end of a suspended silk thread with a 

piece of excited wax or glass, electricity will pass from, the wax or glass into 

the silk, and render it electrified; and the silk will exhibit the effects of the 

olectrioi^ imparted to it> by moving toward any object that may be placed 

near it. 

736. Two theories, based upon the phenom- 
ories have been eua of attraction and repulsion, have been 

formed to ao- ni /* t "!••/» 

count for dec- formcd to account for the nature and origin of 
*^ °° electricity. These two theories are known as 
the theory of two flmds, and the theory of the single fluid ; 
or the theory of Du Fay, an eminent French electrician, 
and the theory of Dr. Franklin. 

737. The theory of two fluids, or the theory 
theory of two of Du Fay, supposes that all bodies, in their 
*"^*'' natural state, are pervaded by an exceedingly 
thm subtle fluid, which is composed of two constituents, 
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or elements, viz., the Titreoas and the resinous electrici- 
ties. Each kind is supposed to repel its own particles, bnt 
attract the particles of the other kind. 

When these two fluids pervade ft bodj in equal qaantitie% they neutralize 
each other in virtue of their mutual attraction, and remain in repose; but 
when a body contains more of one than of the other, it exhibits vitreous or 
resinous electricity, as the case may be. 

738. The theory of a single fluid, or the 
tiieorj of % theory propounded hy Dr. Franklin, supposes 
* ^ ^ " the existence of a single subtile fluid, without 

weight, equally distributed throughout nature ; every sub- 
stance being so constituted as to retain a certain quantity, 
which is necessary to its physical condition. 

When a substance pervaded by this single fluid is in its natural state or 
condition, it offers no evidence of the presence of electricity; but when its 
natural condition is disturbed it appears electrified. The difference between 
the electricity developed by glass and that by resin is explained by this 
theory, by supposing electrical excitation to arise fi-om the difference in the 
relative quantities of this principle existing in the body rubbed and the rub- 
ber, or in their powers of receiving and retaining electricity. Thus one body 
becomes overcharged by having abstracted this principle fix)m the other. 

'svhatarepori- ^^^' The two different conditions of electric- 
liTo *efec"trict ity> which woro called by Da Fay vitreous and 
^®*^ resinous electricities, were designated by Dr. 

Franklin as positive and negative, or plus and minus. 
Thus a body which has an overplus of electricity is called 
positive, and one that has less than its natural quantity 
is called negative. 

The theory of a single fluid has, until quite recently, been generally adopted 
by scientific men, and the terms positive and negative electricities are uni- 
versally used in the place of vitreous and resinous. Within the last few 
years, however, some discoveries have been made which seem to indicate 
that the theory of two fluids is the one which approaches nearest to the truth. 
What l8 Pro- ^^ addition to these two theories respecting the nature of 
fesaor Fara- electricity, another has been proposed by Professor Faraday, 
elw'tridt?7 °' °^ England. He considers electricity to be a mere power, or 
quality of matter, like what we conceive of the attraction of 
gravitation.* 

• It fa not easy to perfectly explain to a beginner the vieTT whicli has heen taken by 
Professor Faraday (who is at present the highest recognized authority on this subject) re- 
specting the natnre of electricity. The following statement, as given by a late writer 
(Bobert Hunt), may be sufficiently comprehensiye and clear : " Every atom of matter is 
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, ^. 'TiO. Light, heat and electricity' appear to hare some prop- 

la there •'^y ^ . , v -u ^ j _^ . . 

connection be- erties in oommon, and each may be made, under certam cir- 

heatand^efec^ cumstances, to produce or excite the other. All are so light, 
tridty ? subtle, and difiusive, that it has been found impossible to recog- 

nize in them the ordinary characteristics of matter. Some sup- 
pose that light, heat, and electricity are all modifications of a common principle. 
What ar th *^^^' ^^®^^^^ exists in, or may be excited in all bodies, 

electrical di- There are no exceptions to this rule, but electricity is de- 
Bubstenoes r *^ volopod in some bodies with great ease, and in others with 
great difBiculty. All substances, therefore, have been divided 
into two classes, viz., Electrics, or those which can be easily excited, and 
Kon-electrics, or those which are excited with diflBculty. Such a division is, 
however, of little practical value in science, and at present is not generally 
recognized. 

There is no certain test which will enable us to determine, previous to ex- 
periment, which of two bodies submitted to friction will produce positive, and 
which negative electricity. Of all known substances, a cat's fur is the most 
susceptible of positive, and sulphur of negative electricity. Between these 
extreme substances others might be so arranged, that any substance in tho 
list being rubbed upon any other, that which holds the highest place will be 
positively electrified, and that which holds tho lower place negatively elec- 
trified. For instance, smooth glass becomes positively electrified when rub- 
bed with silk or flannel, but negatively electrified when excited by the back 
of a living cat Sealing-wax becomes positive when rubbed with the metals, 
but negative by any thing else. 

Can one dec I^ ^0 casG caii electricity of one kind be 
Jited^ifthSS excited without setting free a corresponding 
othS^f '^**^ amount of electricity of the other kind ; hence, 
when electricity is excited by friction, the rub- 
ber always exhibits the one, and the electric, or body 
rubbed, the other. 

What are con- 742. Bodlcs differ greatly in the freedom 
nSS^JJducSi ^th which they allow electricity to pass oyer 
of electricity? ^j. through them. Those substances which 

regarded as eziBtfng by virtue of certain properties or povers, these being merely pecu- 
liar affections, which may be regarded as being of a similar nature to vibrations. It is 
assumed that the electric state is hut a mode or form of one of these affections. One par- 
ticle of matter, having received this form of disturhanse, communicates it to all eontign- 
ous particles— that is, those which are next to it, although not in contoct— and this com- 
munication of force takes place more or less readily, the oommunicating particles assuming 
a polariced state— which may be explained as a state presenting two dissimilar extremitieo. 
"When the communication is slow, the polarized state is hi^iett, and the body is said to 
be an insulator : insulation being the result. If the particles communicate their condition 
readily, they are termed conductors : conduction is the result. The phenomena of in- 
duction, or the production of like effects in contiguous bodies, is, therefore, aeeording to 
this view, but something analogous to the communication of tremors, or vibrations.** 
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facilitate its passage are caUed condactots ; those tliat re- 
tard, or almost prevent it, are called non-conductors. 

Ko ■abstanco can entirely prevent the paasage of eiectricity, nor is there 
anj which does not oppose Bome resistance to its passage. 

What wb- Of all bodies, the metals arc the most per- 
SSS?^^ feet conductors of electricity ; charcoal, the 
electricity f earth, water, moist air, most liquids, except 
oils, and the human body, are also good conductors of 
electricity. 

What ii tu 743. The velocity with which electricity 
^^tyofeiec pagges through good conductors is so great, 
that the most rapid motion produced by art 
appears to be actual rest when compared to it. Some 
authorities have estimated that electricity will pass 
through copper wire at the rate of two hundred and 
eightj-eight thousand miles in a second of time — a ve- 
locity greater than that of light. The results obtained, 
however, by the United States Coast Survey, with iron 
wire, show a velocity of from 15,000 to 20,000 miles per 
second. 

What Bnb- Grum shcllac and gutta percha are the most 

SidactorJTf perfect non-conductors of electricity ; sulphur, 
electricity f^ scaling-wax, resin, and all resinous bodies, 
glass, silk, feathers, hair, dry wool, dry air, and baked 
wood are also non-conductors. 

Electricity always passes by preference over the best 
conductors. 

Thus, if a metaUic chain or wire is held in the hand, one end touching tho 
ground and the other brought into contact with an electrified body, no part 
of the electricity will pass into the hand, the cham being a better conductor 
th^ the flesh of the hand. But i? while one end of the chain is in contac t 
with the conductor, the other be separated fixjm the ground, then the electricity 
wiU pass into the hand, and wiU be rendered sensible by a convulsive shock. 

WTientoabody 744. Whcu a conductor of electricitv is sur- 

insuutod ? Jj ii«i 

rounded on all sides by non-conducting euh- 
Btances, it is said to be insulcOed; and the non-conducting 
substances which surround it are called insrOatora. 
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'Whffliiaabody When a conducting body is insnlated, it 
SUged** wiS retains upon its surface the electricity com- 
«ieetrieitf r municatcd to it, and in this condition it is 
said to be charged with electricity. 

A condactor of electricity can only remain dectric as long as it is insulated, 
that is, suROtinded by perfect non-conductors. The air is an insulator, since, 
if it were not so, electricity would be instantly withdrawn by the atmosphere 
£rom electrified substances. Water and steam are good conductors, conse- 
quently, when the atmosphere is damp, the electricity will soon be lost, 
which, in a dry condition of the air, would have adhered to an insulated con- 
ductor for a long period of tune. 

Thus a globe of metal supported on a glass pillar, or suspended by a silken 
cord, and charged with electricity, will retain the charge. If, on the con- 
trary, it were supported on a metallic pillar, or suspended by a metallic wire, 
the electricity would immediately pass away over the metallic surface and 
escape. 

In the experiments made with the pith balls (§ T33, Fig. 308), the silk 
thread by which they were suspended acts as an msulator, and the electricity 
with which they become charged is not able to escape. 

^ , _ . 745. When electricity is communicated to 
ty accmnuiate a couducting body it resides merely upon the 
fMe oyJw *°- surface, and does not penetrate to any depth 
within. 

Thus, if a solid globe of metal suspended by a 

i^ken thread, or supported upon an msulatcd 

ll glass pillar, be highly electrified, and two thin 

Jl hollow caps of tin-foil or gilt paper, furnished 

I mKjfik Hl^—^ '^^^ insulating handles, as is represented in 

Wp pr^^ Kg. 310, be applied to it, and then withdrawn, 

it will be found that the electricity has been 

completely taken off the sphere by means of the caps. 

An insulated hoUow ball, however thin its substance, wiB contain a charge 
of electricity equal to that of a solid ball of the same size, all the electricity in 
both cases being distributed upon the sur&ce alone. 

In the case of a spherical body charged with electricity, 
formof^abody the distribution is equal all over the sur&ce; but when tho 
* i2Sri**i lt» body to which the electricity is communicated is larger in one 
dlUon? direction than the other, the electricity is chiefly found at iis 

longer extremities, and the quantity at any point of its sur- 
face is proportional to its distance from the center. 

The shape of a body also exercises great influence in retaining electricity : 
it is more easily retained by a sphere than by a spheroid or cylinder; but it 
readily escapes from a pomt, and a pointed object also receives it with the 
greatest fiicQity. 
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What to the *^^^' ^^^ earth is considered as the great 

©f eiicSSTl' general reservoir of electricity. 

When by means of a condacting wihrta i irw a coBuncni- 
cation is establisbed between a body oontaining an excess of dectncttj aiul 
tho earth, the body will immediately lose its sarghm qoantityy whkli passes 
into the earth and is lost by diffosion. 

^vhat is dec. '^^T. When a body charged with electricity 
tricaiindacdonf ^f q^^ j^j^^ jg brought into proximity with 

other bodies, it is able to induce or excite in them, with- 
out coming in contact, an opposite electrical condition. 
This phenomenon is called Electrical Induction. 

-^ , . ^. This effect arises from the general law of electrical attiac- 

Explain the .. , . . »,,?.,,, 

iihHoomena of tion and repulsion. A body m its natural oonditKHi containa 

luductioD. equal quantities of positive and negative electricitiefl^ and when 

this is tho caso, the two neutralize each other, and remain in a state of equili- 
brium. But when a body charged with electricity is brought into proximity 
with a neutral body, disturbance immediately ensaes. The electrified body, 
by its attractive and repulsive influence, separates the two electricities of the 
noutral body, repelling the one of the same kind as itself and attracting the 
other, which is unlike, or opposite. Thus, if a body electrified positively be 
brought near a neutral body, the positive electricity of the neutral body will 
be repelled to the most remote part of its sur&ce, but the negative dectricity 
will bo attracted to the side which is nearest the disturbing body. Between 
those two regions a noutral line will separate those points of the body over 
whioh the two opposite fluids are respectively distributed. 

j,j^^ 3^^ let A D, Fig. 311, be a metallic 

cylinder placed upon an insulating 
support, with two pith balls sus- 
pended at one end, as at B. If 
now an electrified body, E, be 
brought near to one end of the cyl- 
inder, the balls at the other ex» 
tremity will immediately diverge 
j r 7 -:^ fix)m one another, showing the |»es- 

ence of fi^e electricity. This does 
not arise from a transfer of any of 
the electric fluid from E to C, for upon withdrawing the electrified body, 
E, the balls will &11 together, and appear unelectrified as before ; but the 
electricity in E decomposes by its proximity the combination of the two 
clcctricitioa in the cylinder, GAD, attracting the kind opposite to itself 
toward the end nearest to it, and repelling the same kind to the further 
end. The middle part of the cylinder, A, which intervenes between the 
two extremities, will remain neutral, and exhibit neither positive nor negative 
electricity. 
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Explain the 
reason why an 
electrified sur- 
faco attracts a 
neutral, or nn- 
eleetrified body. 



Fio. 312. If three cylinders are 

placed in a row, touching 
one another, as in Fig. 312,' 
and a positively electrified 
body, B, be brought in 
proximity to one extremity, 
the electricities of the cyl- 
inders will be decomposed, 
the negative being accumulated in N, and the positive repelled to P. If in 
I lis condition the cyUnder P be first removed, and then the electrified bodj, 
t.ie separate electricities will not be able to unite, as in the former experi- 
ment, but N will remain negatively, and P positively electrified. 

These experiments explain why an electrified 
surface attracts a neutral, or unelectrified body, 
such as a pith ball. It is not that electricity 
causes attractions between excited and unex- 
cited bodies, the same as between bodies oppositely ex- ' 
cited ; but that the pith ball is first rendered opposite by 
induction, and attracted in consequence of this opposition. 
A pith ball at a few inches distance from an electrified 
surface, is charged with electricity by induction ; and the 
kind being contrary to that of the surface, attraction en- 
sues ; when the two touch, they become of the same kind 
by conduction. 

A person may also receive an electric shock by induction. Thus, if a per- 
son stand close to a large conductor strongly charged with electricity, he 
"will be sensible of a shock when this conductor is suddenly discharged. 
This shock is produced by the sudden recomposition of the fluids in the 
body of the person, decomposed by the previous inductive action of the 
conductor. 

748. An electrical machine is an apparatus, 
by means of which electricity is developed and 
accumulated, in a convenient manner for the 
purposes of experiment. 

ofTfhatesaen- -^U clcctrical machiues consist of three 
in^^ilctriSi principal parts, the rubber, the body on 
machine con- -^^Qse surface the electric fluid is evolved, 
and one or more insulated conductors, to 
which this electricity is transferred, and on which it is 
accumulated. 



What iB 
elecfcrieal 
chine? 
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Dcierlbo the 
two Tarietics 
of electrical 
mMhtnes in 
oommoD UHO. 




Electrical machines are of two kinds, the 
plate and cylinder machines. They derive 
their names from the shape of the glass em- 
ployed to yield the electricity. 

Fia. 313. ^® P^^^ electrical madiine, which I3 

represented in Fig. 313, consists of a 
large drcolar plate of glass monntei 
upon a metallic axis, and sopported up- 
on pillars fixed to a secure base, so tbai 
the plate can, by means of a handle, tr, 
be turned with ease. TTpcxi the sap- 
ports of the glassy and fixed so as to 
press easily but uniformly on the plate, 
are four rubbers, marked rrrr in the 
figure ; and fiaps of silk, s 5, oOedononc 
side, are attached to these, and secured 
to fixed supports by seyeral silk cords. 
When the machine is put in motion, 
these flaps of silk are drawn tightly 
against the glass, and thus the fiiction is 
increased, and electricity excited. The 

points j>j> collect the electricity fVom the glass as it revolyes, and convey it to 

the prime conductor, c, which is Insulated and supported by the glass rod, g. 
Tlio cylinder electrical machine represented by 

Fig. 314, consists of a glass cylinder, so arranged 

that it can bo turned on its axis by a crank, and 

supported by two uprights of wood, dried and 

varnished. F S Indicates the position and ar- 
rangement of the rubber and silk, and Y that 

of the prime conductor. The principle of the oon- 

struotion of tlie cylinder machine is, in every 

respect, the same as that of the plate machine. 

What Is the The rubber of an electrical ma- 

oonstruction of chine consists of a cushion stuffed 
with hair, and covered with 

leather, or some substanoe whioh readily generates electridty by fliction. 

The efficiency of the machine is greatly increased by covering the cushion 

with aif amalgam, or mixture of mercury, tin, and zinc.* 
In the ordinary working of the machine, the rubber is connected by a chain 

with the ground, flrom whence the supply of electricity is derived. 

* The b«8t composltton of the amalgam is two parts, by ▼eight, of sine, one of tin, and 
six of merenrj. The meronrj is added to the mlztnro of the sine and tin when in a fluid 
state, and the whole Is then shaken in a wooden box until it is cold ; it is then reduced to 
a powder, and mixed with a suAeient quantity of lard to reduce it to the oonristency of 
paste. A thin coating of this paste is spread over the cushion ; baft before this is doos, all 
darts of th« maehine should be carefully eleaiwd and warmed. 
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What is t3i6 '^^ receiver of electricitf from an electrical machine ia 
oonduetor of Called the prime conductor. It usually consists of a thin brass 
SushiSS*'***^ cylinder, or a brass rod, mounted on a glass i»llar, or some 
other insulating material. 

To put the electric&l machine in good order, every part must be dry and 
clean, because dust or moisture would, by their conducting power, diffuse the 
electric fluid as fiat as accumulated. As a general rule, it is highly essential 
that the atmosphere should be in a dry state when electrical experiments aro 
made, as the conducting property of moist air prevents the collection of a suf. 
ficient amount of electricity for the production of striking effects. In tie 
winter, the experiments succeed best when performed in the vicinity of a 
Are; and it is advisable to place the apparatus in front of the fire for some 
time before it is employed. 

Explain the Electricity is developed by the action of an electrical ma- 
method in chine in essentially the same manner as it is in a simple glass 
tetad' Sii^ ^^ ^y friction. When the glass cylinder or plate is turned 
deireioDs eleo- round by the handle, the friction between the glass and the 
tridiy? rubber excites electricity; positive electricity being developed 

upon the glass, and negative upon the rubber. When the points of the prime 
conductor are pres^ted to the revolving glass plate or cyUnder, the positive 
electricity ia immediately transferred to it^ and it emits sparks to any conduct- 
ing substance brought near. The electricity thus abundantly excited is sup- 
plied from the earth to the rubber (by means of a chain extending to the 
ground), and the rubber is continually having its supply drawn from it by the 
force called into action by friction with the glass. That the electricity is de- 
rived from this source is evident from the &ct that but a small quantity of 
electricity can be excited when the metallic connection between the rubber 
and the ground is removed. For this reason the chain must always be 
attached to the rubber when it is desired to develop positive electricity, and 
to the prime conductor when negative electricity is required. 

According to the theory of a single fluid, the excitement of electricity is as 
follows : — ^the friction of the glass and silk, by disturbing the electrical equi- 
librium deprives the rubber of its natural quantity of electricity, and it ia 
therefore left in a negative state, unless a fresh quantity be continually drawn 
from the earth to supply its place. The surplus quantity is collected on tho 
prime conductor, which thereby becomes charged with positive electricity. 
On the hypothesis of two electric fluids, the same frictional action causes 
the separation of the vitreous from the resinous electricity ui the rubber, which 
therefore remains resmously charged, unless there be a connection with tho 
earth to restore the proportion of vitreous electricity of which the rubber has 
been deprived. 

Various other arrangements have been devised for the pro- 
^fler*be*u!ed duction and accumulation of electricity. High-pressure steam 
as an electrical escaping from a steam-boiler carries with it minute particles 
machine ? ^^ water, and the friction of these against the surfiwe of tho 

jet from which the steam issaes produces electridfy in great abondancai A 
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fttoam-boiler, properly arranged and insulated, therefoie constitiitEa & moifc 
powerful electrical tnachine; and by means of an apparatus of this charaet^ 
cnnstrurtr^d some time since in London, flashes of electricity were c a n fiR d © 
craanaio from the prime conductor more than 22 inches in length. 

749. The Insulating Stool, which is a usual 
Bij'iaving stoo?? appendage to an electrical machine, conasts of 
a board of hard-baked wood, supported on 
^lass leers covered with varnish. (See Fig. 313.) It is useful for 
insulating any body charged with electricity; and a person 
standing npon such a stool, and in communicatioQ with, a 
priiiiO conductor, will become charged with electricity. 

I)i3fharging Rods are brass Fm. 316. 

chnrgingRmis? ^^^ termmatmg with bails, or 
with points, fixed to glass handles. 
With these rod.^ clef^tricity may be taken from a 
conductor without allowing the electrical charge 
to p?i8S throncrh the bo<ly of the operator. Their 
construction is represented in Fig. 316. 

An instroment caBed the TTmversaZ 
Discharger," used to ccmvey ^rong 
charges of electridtj through Ysrions 
substances, is represented by Hg. 317. 
It consists of two glass standards, 
through the top of whidi two metallic 
wires slide freely; these wires are 
pointed at the end, t^ but have baDs 
screwed upon them ; the other ends are furnished with rings. The balls rest 
on a table of boxwood, into which a slip of ivory, or thick glassy is inlaid. 
iSometimcs a press, j?', is substituted for the table, between which any sub- 
stance necessary to bo pressed, during the discharge, is held firm. 

What is M '<^50. An Electrophorus is a simple appara- 
ticctroph .rusf |^g^ jjj which a small charge of electricity may 
l)C generated by induction ; and this, communicated suc- 
custBively to an insulated conductor, may produce a charge 
of indefinite amount. 

n.'ifl h\f tl ^* consists of a circular cake of resm (shell-lac), r, Fig. 318, 

tiH loll of the laid upon a metallic plate ; upon this cake, the surface of which 
fltotrophorui. jj^g ^j^^^ negatively electrified by rubbing it with dry silk or fur, 




FlQ. 318. 




is placed a metallic cover, M, somewhat smaller in diam- 
eter, and fiimlshed with a glass insulating handle, h. 
The negative electricity of the resin, by acting induc- 
tively upon the two electricities combined in the cover, 
separates them — the positive being attracted to the 
under surftce, and the negative repelled to the upper, 
oa touching the cover with the finger, all the negatlye 
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electricily will eeaepe, a&d tiie positive electricity alone remains, wbich is 
combined with the negative electricity of the cake of resin, so long as the 
cover is in contact with it. If we now remove the cover by its insulating 
handle, the positive electricity, which was before held at the lower part of 
the cover by the inductive action of the resin, will become free, and may be 
imparted to any insulated conductor adapted to receive it The same pro- 
cess may be repeated indefinitely, as the resinous cake loses none of its elec- 
tricity, but simply acts by induction, and thus an insulated conductor may be 
charged to any extent. 

751. An Electroscope is an instrument em- 
ployed to indicate the presence of free elec- 



What is ai 
Electeoaoope? 



tncity. 



What !a the 
constmction of 
an electroscope? 



Fia. 319. 



It usually consists of two light conducting 
bodies freely suspended, which in their natural 
state hang vertically and in contact. When 
electricity is imparted to them, they repel each other, and 
the amount of their divergence is proportioned to the 
quantity of electricity diffused on them. 

The simplest form of the electroscope, called the " pith-ball electroscope," 
consists of two pith-balls suspended by silk threads. When an excited body 
is presented, the balls will be first attracted, but immediately acquiring the 
same degree of electricity as the exciting body, they repel each other. An- 
other form of the pith-ball electroscope, represented at B, Pig. 319, consists of 
two pith-balls suspended by conducting threads within a glass jar, and con- 
nected with the brass cap, m. On touching the brass cap with an electrified 

body, the two balls being similarly electri- 
fied, will repel each other. 0, Fig. 319, 
represents a more delicate electroscope; 
two slips of gold lea? g gr', bemg substituted 
for the pith-balls. If an excited substance, 
«, be brought near the cap of brass, the 
leaves will instantly diverge. The best 
electrometers are carefully insulated, so that 
the electricity communicated to the balls or 
leaves may not be too soon dissipated. 

Electroscopes merely indicate 
the presence of an electrically excited body : they do not 
measure the quantity, either relatively or absolutely, of 
the electricity in action. 

752. An Electrometer is an instrument for 
measuring the quantity of electricity. 
The most simple form of the electrometer is represented at A, Fig. 319. It 




What is an 
Electrometer? 
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consists of ft semidide oT Tvnnbed paper, or iworj, fixed 
rod. From the center of the aemicirde a light pith-ball is Bum^niil c fl , aiid 
the nnmber of degrees tfaroogh which the hall is attracted or repelled hj tBj 
Lodj brought in proximitT to it, indicates m a degree tbe actiTe qiiaiititj cf 
elec-uidtj present. No rerj accmate lesolts^ bowerer, can be obtaxned with 
tLis apparatus; and for aocorate inrestigation, instmmenls of more ingenioos 
and complicated oonstroctkxi are used. 

The electrometer nsoally employed for measuring with 
^eat accuracy small quantities of electricity, is thst of 
Coulomb's, usually called the Torsion Balance 

Y^^i^^ jj^ The oODstniction of this mstrnment is as follows: — JLneedk, 
coossrucdoD of or Stick of ehell-Iac, bearing upon (Rie end a gilded ptCb-ball, is 
^2«»c^*"*^ suspended by a fiber of silk within a g^aasveasd—tbo needle 
being so balancsed, that it is fiee to torn boRzontallj' axoimd 
the point of sa^)ension in ererj direction. When the pith-ball is electnfied 
by induction, the repellent fbroe canses the needle to torn roond, and this 
prodoces a degree of t<»son, or twist in the fiber which suspends it ; and tbe 
tendency of the fiber to untwist, or return to its original poation, ] 
the force which turns the needle. 
Within the glass yessel, which is cylin- 
drical, a graduated circle is placed, 
which measures the angle through 
which the needle is deflected. In the 
cover (^ the Tessel an aperture is made, 
through whidi the electrified body may 
be introduced, whose force it is desired 
to indicate and measure by the ap- 
poratusL Fig. 320 represents the oosk- 
struction and appearance of the toisLoa 
balance. 

By means of the 

torsion balance, 

Coulomb proved 

that the law of 
electrical attraction and re- 
pulsion, as influenced by dis- 
tance, is the same as the law ^===— 
of gravitation ; that is, the force varies inversely as the 
square of the distance. 

^vhatuiaLer- 753. Tho Lcydcu Jar is a glass vessel used 
dea Jar f f^^ ^^q purposc of accumuLating electricity de- 
rived from electrically excited sur&ces. 



What import- 
ant law ot 
electricity haa 
been proved by 
the toniOD bal- 
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Explain tile ac- 
tion and con- 
stmetlonofthe 
Coated Fuie. 



Tia. 321. 




In what man- 
ner was the 
principle of the 
Leyden Jar first 
made known? 



The principle of the Leyden Jar may 
be best explained by describing what is 
called the "coated," or "fulminating 
pane." This consists of a glass plate, Fig. 
321, a, haying a square leaf of tin-foil, 6, attached to eadi 
side. If the plate be laid upon a table, and a chain from 
the prime conductor of an electrical machine be brought 
in contact with the tin-foil upon one side, the plate will 
become charged — ^the upper side with positive, and the 
under with negative electricity. 

If two such conductors, as the plates of tin-foil attached to 
coated "*^ane a pane of glass, be strongly charged with electricity m the 
tri^'rfSsk?*'^"' ™^°®' described, and then, by means of the human body, be 
put in communication — ^which may be done by touching one 
plate with the fingers of one hand, and the other with the fingers of the other 
hand — the two electric fluids in rushing together, pass through the body, and 
produce the phenomenon known as the electric shock. 

'754. The Leyden Jar is constructed upon the same princi- 
ple as the coated pane, and its discovery, accompanied with 
the first experience of the nervous commotion known as the 
electric shock, occurred in this way: In 1746, while some 
scientific gentlemen at Leyden, in Holland, were amusing them- 
selves with electrical experiments, it occurred to one of them to charge a 
tumbler of water with electricity, and learn by experiment whether it would 
affect the taste. Accordingly, having fixed a metallic rod in the cork of * 
bottle filled with water, he presented it to the electrical machine for the pur- 
pose of electrifying the water, holding at the same time the bottle in his hand 
by its external surface, without touching the metallic rod by which the elec- 
tricity was conducted to the water. The water, which is a conductor, re- 
ceived and retamed the electricity, since the glass, a non-conductor, by which 
it was surrounded, prevented its escape. The presence of free electricity in 
the water, however, induced an opposite electricity on the outside of the glass, 
and when the operator attempted to remove the rod out of the bottle, he 
brought the two electricities into communication by means of his hand, and 
received, for the first time, a severe electric shock. Nothing could exceed 
the astonishment and consternation of the operator at this imexpected sensa- 
tion, and in describing it in a letter immediately afterward to the French 
philosopher Reaumur, he declared that for the whole kingdom of France he 
would not repeat the experiment. 

The experiment, however, was soon repeated in different parts of Europe, 
and the apparatus by which it was produced received a more convenient 
form, the water being replaced by some better conducting substances, as 
metal filings, for which tin-foil was afterward substituted. 

The Leyden Jar, as usually constructed, con- 
coMtenctionof sists of a glass jar, Fig. 322, having a wide 
the Leyden jar. ^^^^j^^ q^jj^j coatcd, extctnally and internally, to 
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Hoirisa Ley- 
den Jar charg- 
ed? 




jar 
chaxgedf 



dis- 



within two or three inches of the moath^ 
or to the line a b, with tin-foiL A wooden 
cover, well vamished, is fitted into the 
mouth of the jar^ through which a stout 
brass wire, furnished with a ball, passes, 
having a chain or wire attached to its 
lower end, so as to be in contact with 
the inside coating. 

A Leyden jar is charged 

by presenting the brass ball 

at the end of the rod of the 
jar to a prime conductor of an electrical machine in 
action, or to any other excited surface. To charge a jar 
strongly, it is necessary that the outside coating should be 
directly or indirectly connected with the ground. 
HoifisaLey- -A. Lcydcu jar is discharged by effecting a 

communication between the outer and inner 

surfaces by means of a good conductor. 

IfJ when we have charged tho jar, we hold the exterior coating in one 
hand and touch the knob with the other, a spark is obsenred, and the peculiar 
sensation of the electric shock experienced. 

Any number of persons can receive a shock at the same time by forming a 
chain by holdmg each other's hands — ^the first person in the circle touching 
the external coating of the jar, and the last the knob. 
Where does When a Leyden jar is charged, the electricity resides wholly 
the electricity on the surface of the glass; the metallic coatings having no 
rl^il^^^^^^^ Other effect than to conduct the electricity to the surface of 
the glass, and, when there^ afford it a free passage from point 
to point. 

The power of a Leyden jar will therefore depend upon its sizo^ or extent 
of surface. 

As very large jars are inconvenient and FlCL 323. 

expensive, very strong charges of electricity 
are obtained by combining a number of jars 
together. 

-^ , , A combination of 

What is an 

Electrical Bat- Lcyden jars, so ar- 
ranged that they may 
be all charged and discharged 
together, constitutes an Electri- 
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What experi- 
ments illtuttrate 
the attractire 
and repulsive 
forces of elec* 
tricity? 



Fig. 324. 



cax Battery. This may be effected by forming a connec- 
tion between all the wires proceeding from the interiors 
of the jars, and also connecting all their exterior coatings. 

Such an arrangement is represented by Fig. 323. The discharge of elec- 
tricity from such a combination is accompanied by a loud report; and when 
the number of the jars is considerable, animals may be killed, metal wires 
be melted, and other effects produced analogous to those of hghtning. 

155. By means of an electrical machine and the Loydcii 
Jar, many interesting and amusing electrical experiments 
may be performed. 

The phenomenon of the repulsion of substances ^milarly 
electrified, may be illustrated by means of a doll's head cov- 
ered with long hair. When this is at- 
tached to the prime conductor of an elec- 
trical machine, the hairs stand erect, and 
give to the head a most exaggerated ap- 
pearance of fright See Fig. 324. 

The same thing may be shown by plac- 
ing a person on a stool with glass legs, 
80 that be be perfectly insulated, and 
making him hold in his hand a brass rod, 
the other end of which touches the prime 
conductor ; then on turning the machine, 
the hairs of the head will diverge m all 
directions. 

If a small number of figures are cut 
out in paper, or carved out of pith, and 
an excited glass tube be held a few 
inches above them on a table, the figures 
will immediately commence dancing up and down, aasummg a variety of droll 
positions. The experiment can be shown better by means ^^^ ^gs. 
of an electrical machine than with the excited tube, by 
suspending horizontally from the prime conductor a metal 
disc a few inches above a flat metal surface connected with 
the earth, on which the figures are placed. On workmg 
the machine, the figures will dance in a most amusmg 
manner, being alternately attracted and repelled by each 
plate. See Fig. 325. 

«rv . . .u The electrical bells. Fig. 326, which are 

^r bat Is tuQ . J « . 

experiment of rung by electric attraction and repulsion, 
2^j^,eiectricai are good illustrations of these forces, WUerg 
three bells are employed, the twp ou^r 
bells A and B, are suspended by chains, bijt thQ central 
one and the two clappers hang fSrom sllkei^ stri^ig?. The 
middle bell is connected with the earth by a phain or wire. 

17 
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Upon working the machine, the outer bells become positively electrified, sod 
Pj 226 ^® middle one, which is insulated firom the 

prime conductor, becomes negative by in- 
duction. The little clappers between them 
are alternately attracted and repelled by the 
outer and inner bells, producing a constu^t 
ringing as long as the machine is in action ' 

It was by attaching a set of bells of Xlus 
kind to his lightQing-conductor, that Dr. 
^^ & ^^ i ^^ Franklin received notice, by their ringing, 
j^ j^ B of the passage of a thunder-doud oyer hij 

apparatus. 
Let a skein of linen thread be tied m ri 
knot at each end, and let one end of it be attached to some part of the con- 
ductor of a machine. "When the machine is worked the threads will becomo 
electrified, and will repel each other, so that the skein will swell out into a 
form resembling the meridians drawn upon a globe. 

If we ignite the extremity of a stick of sealing-wax, and bring Iho melted 
wax near to the prime conductor of a machine, numerous fine IHimenta of 
wax will fly to the conductor, and will adhere to it, forming upon it a sort 
of network like wool. This is a simple case of electrical attraction. Tho 
experiment will succeed best if a small piece of wax is attached to the end 
of a metal rod. 

What effect hai ''^56. When a current of electricity passes 
tt coSSo?r° through a good conductor of sufficient size to 
carry off the whole quantity of electricity 
easily, the conductor is not apparently affected by its 
passage ; but if the conductor is too small, or too imper- 
fect to transmit the electric fluid readily, very striking 
effects are produced — the conductor being not unfre- 
quently shivered to pieces in an instant. 

__, . . The mechanical effects exerted by electricity in passing 

mentsiUustrate through imperfect conductors, may be illustrated by many 
fff^T^'dS! Bimple eiperimenta. 

tiicity? If we transmit a strong charge of electricity through water, 

the liquid will bo scattered in every direction. 

A rod of wood half an inch thick may bo split by a strong charge from a 
Leyden jar, or battery, transmitted in the direction of its fibers. 

If we place a piece of dry writing-paper upon tho stand of a universal dw- 
cbarger, and then transmit a charge through it, tho electricity, if suffioientlj 
strong, will rupture the paper. 

Ifwehold the flameofa candle to a metallic point projecting from the 
prime conductor of an electrical machine in action, the current of air caused 
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by tiie issamg of a enrrent of electricitjr from the point, wiU bo suffident to 
deflect the flame^ and even blow it oat 

HowdoeBeiec "^57. The possage of electricity from one 
iSfk7 ^^"^^^ substance to another is generally attended with 
an evolution of heat^ and a current of electricity 
passing over an imperfect conductor, raises its temperature. 
The temperature of a good conductor of suflEicient size 
to allow the electric fluid to pass freely, is not affected by 
the transmission of a current of electricity ; but if its size 
is disproportionate to the quantity of fluid passing over 
it^ it will be heated to a greater or less degree. 

If a small charge of electricity be passed throogh small metal wire a few 
inches in length, its temperature will be sensibly elevated ; if the charge be 
increased, the wire may be made red hot, and even melted and yaporized. 

The worst conductors of electricity suffer much greater changes of tem- 
perature by the same charge IMn the best conductors. The chaige of elec- 
tricity which only elevates the temperature of one conductor, will sometimes 
render another red hot, and will volatilize a third. 

The heat developed in the passage of electricity through 
combustible or explosive substances, which are imperfect 
conductors, causes their combustion or explosion. 

If gunpowder be scattered over dry cotton loosely wrapped round one end 
of a discharging-rod, it may be ignited by the discharge of a Leyden jar. 

In the same way powdered resin may be inflamed. 

Ether or alcohol may be also fired by passing through it an electric dis- 
charge. Let cold water bo poured into a wine-glass, and let a thin stratum 
of ether be carefully poured upon it. The ether being lighter will float on 
the water. Let a wire or chain connected with the prime conductor of a 
madiine be immersed in the water, and, while the machine is in action, pre- 
sent a metallic ball to the surface of the ether. The electric charge will pass 
from the water through the ether to the ball, and will ignite the ether. 

If a person standing on an insulated stool touches tbo prime conductor 
with one hand, and with the other transmits a spark to the orifice of a gas- 
]>ipe from wliich a current of gas is escaping, the gas will bo ignited. 

By the friction of the feet upon a dry woolen carpet, sufficient electricity 
v.\:\y be often excited in the human body to transmit a spark to a gas-burner, 
uiid thus ignite the gas. 

If we bring a candle with a long snufi^ that has just been extinguished, ' 
near to a prime conductor, so that the spark passes from the conductor, 
tlirough the smoke, to the candle, it may be relighted. 

la the electric The clectric fluid is not itself luminous ; but 
fluidiumiaous? j^g motiou ovcr imperfect conductors, or from 
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one conducting substance to another^ is generally attended 
with an exhibition of light. 

Must 11 ht be ""^^^ strongest electric charges that can be accanmlated 
rugurdcd Ai a in a body will never afford the least appearance of light so 
ciearii^f ^^ ^^^ ^ * ®**^ ®^ electric equilibrium exists, and the electric 
fluids are at rest Light, therefore, must not be regarded as 
a property of electricity, but as the result of a disturbance occasioned by 
electricity. 

Wh d 8 th '^^ fur of a cat sparkles when rubbed with the hand in 

ftir of a cat cold weather. The reason of this is, that the friction between 
■parklo t ^jjQ jjand and the fur produces an excitation of positive elec- 

tricity in the hand, and negative in the fur, and an interchange of the two 
is accompanied with a spark, or appearance of light 



Fig. 327 




Upoi what does 
thekngthof the 
c lectrio spark 
depend ? 



«n. * t 4v "When the finger, 

What is the , . ,i 

form of the or a brass ball at 

elcctricBpark? ^^^ ^^^ of arod, IS 

presented to the prime conductor 

of an electrical machine in action, 

a spark is produced by the passage 

of the fluid fh>m the conductor to 

the finger or the metaL This 

spark has an irregular zigzag form, resembling, more or less, the appearance 

of lightning, as shown in Fig. 327. 

The length of the electric spark will vary 
with the power of the machine. A very 
powerful machine will so charge its prime 

conductor, that sparks may be taken from it at the 

distance of 30 inches. 

no^ docs a Ifthopartofei- 
jutint influence ther of the electri- 
inS?^.^^kT caUyoxcitedboU- 
ies which is pre- 
sented to the other has tha form 
of a point, the electric fluid will 
escape, not in the form of a spark, 
but as a brush, or pencil of light, 
11 10 diverging rays of which have sometimes a length of two or three inches. 
Fig. 323 represents this appearance. 

A. substance parting with electricity generally exhibits an irregular spark, 
or flash of light; whilo a substance absorbing electricity exhibits a brush or 
glow of light 

What u the The rapidity of the electric light is marvel- 
cieSri^spark? 0U3 J and it has been experimentally shown 
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that the duration of the light of the spark does not 
exceed the one-millionth part of a second.*^ 

Whou the coDlLnuity of a- substance conducting electricity is interrupted^ a 
Fpark will be produced at every point where the courso of the conductor is 
broken. 

A great vnrioty cf beautiful experiments may bo performed to illustrate 
this principle. Thus, upon a piece of glass may bo placed at a short distance 

from each other any number of bits or 

FiQ. 329. pieces of tin-foil, as is represented by 

Fig. 329 ; when the metal at either end 

is connected with the prime conductor 

of an electrical machine, the sparks will 

pass from one piece of tin-foil to the 

other, and form a stream of beautiful 

light. By varying the position of tho 

pieces of tin-foil, letters, or any other devices may be exhibited at the pleasure 

of the operator. 

In a like manner, by fasten- 

FiG. 330 ing by means of lac-Tarnish a 

spiral line of pieces of tin-foil 

OT/ o<^d<.^* /V'^V'^^/Tn "P^^ *^® interior of a tube, as 
V> ^ ^ ^ ^ — '' ^ ^ ^ ^ — LXJ ig represented in Fig. 330, a 

serpentine line of fire may be 
made to p;i8S from one end of the tube to the other. 

* The arrangement by Trhich this fket was demonstrated by Mr. Wheatstone of EngUind, 
may be described as follows: — Considerable lengths of copper wire (about half a milo 
being employed), are so arranged, that three small breaks occur in its continuity — one near 
tho outer coating of a Leyden jar, one near the connection with the inner coating, and 
another exactly in the middle of the wire — so that three sparks are seen at eyery dis- 
charge, one at the break near the source of excitation, another in the middle of its path, 
and the third close to the point of returning connecdon; these, by bending tlie wire, are 
brought close together. Exactly opposite to this was placed a metallio speculum, fixed 
on an axis, and made to revolve parallel to the line of the three sparks. When a spark 
of light is viewed in a rapidly revolving mirror, a long line is seen instead of a point It 
will be obvious that three lines of light will be seen in the revolving mirror every time a 
discharge takes place, and that if the first or the last differ in the smallest portion of time, 
those lines must begin at different points on the speculum. 

When tho mirror revolved slowly, the position of the lines was uniform, thus =1 

but when the velocity was increased, they appeared thus ■ ■■■ ■ . • those pro- 

duced by the sparks at either end of the wire being constantly coincident, but tho spark 
CTolvcd At the break in the middle being slightly behind the other two. From this, it 
appears that the disturbance commences simultaneously at either end of a circuit, and 
travels toward the middle. This has been adduced in proof of the two electricities. It 
was thus determined that electricity moves through copper wire at a rate beyond 288,000 
miles in a second. It will be evident to any one considering the subject, that the length 
of the line seen in the speculum depends on the duration of the spark. When the mirror 
was made to revolve 800 times in a second, the image of the spark, at 10 feet distance, 
appeared to the eye of the observer to make an arc of aboat half a degree, and from thii 
its duration was calculated.—- JETun^ 
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Upon what doeg 768. The intensity of tbe electric light de- 
theintenjHy^f p^j^^jg ^^^j^ ^^^ ^jj^ dcnsity of the accumu- 
light depend? i^ted electricity, and the density and nature of 
the aerial medium through which the spark passes. 

Thus, the electric lights in condensed air, is very bright^ and in a rarefied 
atmosphere it is faint and diffusiye^ like the light of the aurora borealis ; in 
carbonic add gas the light is white and intense ; it is red and ihlnt in hydro- 
gen, yellow in steam, and green in ether or alcohol 

now ma th ^ ^^ means of an air-pomp, the air is exhausted from a 
aarorai light be long Cylindrical tube closed at each end with a metallic cap, 
hniutcdf ^^^ n current of electricity passed through it, an imitation of 

the appearance of the aurora borealis is produced. When tiie exhaustion of 
the tube is nearly perfect, the whole length of the tube will exhibit a violet 
red light If a small quantity of air be admitted, luminous flashes will be seen 
to issue from points attached to the caps. As more and more air is admitted, 
the flashes of light which glide in a serpentine form down the int^or of the 
tube will become more thin and white, until at last the electricity will cease 
to be diffused through the column of air, and will appear as a glimmering 
light at the two pomts. 

759. The crackling noise, or sound which is produced 
by the electric discharge, is attributed to the sudden dis- 
placement of the particles of air, or other medium 
through which the electric fluid passes. 

760. The electric shock, or convulsive sensation occa- 
sioned by the passage of the electric fluid through the 
body of a man, or animal, is supposed to arise from a 
momentary derangement of the organs of the body, ow- 
ing to an imperfection, or difference in the conducting 
power of the solids and fluids which compose them. 

If this derangement does not exceed the power of the parts to recover their 
I)osition and organization, a convulsive sensation is felt, the violence of which 
is greater or less according to the force of electricity and the consequent de- 
rangement of the organs ; but if it exceeds this limit, a permanent injury, or even 
death, may ensue. 

What are the 761. lu tho proccsscs hithcrto described 
ftg'^*t« in'^nl! electricity has been developed by friction. In 
SJctlicUyT* nature the agents which are undoubtedly the 
most active in producing and exciting elec- 
tricity, are the light and heat of the sun's rays. 

The change of form or state in bodies is also one of the 
most powerful methods of exciting electricity. 
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"Water, in passing into steam by artificial heat, or in evaporating by the ac- 
tion of the sun or wind, generates large qnantities of electricity. Tho crystal- 
lization of solids from liquids, all changes of temperature, the growth and de- 
cay of vegetables, are also instrumentiil in producing electrical phenomena. 

Docs vital and Receiit investigatioDs have shown that vital 
S>"nSateetei action and all muscular movements in man 
^^'^'y^ and animals, develop or produce electricity; it 

may also be shown by direct experiment that a person 
can not even contract the muscles of the arm without ex- 
citing an electrical action. 

Certain animals are gifted with the extraordinary power of producing at 
pleasure considerable quantities of electricity in their system, and of commu- 
nioaling it to other animals, or substances. Among these the electrical eel 
and the torpedo are most remarkable, the former of which can send out a 
charge sufficient to knock down and stun a man, or a horse. The electricity 
generated by these animals appears to be the same in character as that pro- 
duced by the electrical machine. 

Y62. It has of late become the habit with many to regard 
reason in as- electricity as the agent of all phenomena in the natural world, 
cribing un- ^^q cause of which may not be apparent. For this there is no 
xnena to dec- good reason. Electricity is diffused through all matter, and 
tiidty ? jg Qygj. active, and many of its phenomena can not be satisfac- 

torily explained ; but it is governed, like all other forces of nature, by cer- 
tain fixed laws, and it is by no means a necessary agent in all the operations 
of nature. It therefore argues great ignorance to refer without examination 
every mysterious phenomenon to the influence of electricity. 

SECTION I. 

ATUOSPHEBIO BLEOTBICITY. 

Doeseiectricitj 763. Electrfcity is always found in the air, 
mo^'hCTl'?**' ^^^ appears to increase in strength and quan- 
tity with the altitude. 
What kind of It is sometimes different in the lower re- 
diffuSd'^ *' gions from what it is in the upper, heing posi- 
mospl^rlV**" tive in one and negative in the other ; but in 
the ordinary state of the atmosphere, its elec- 
tricity is invariably positive. 

When the sky is overcast, and the clouds are moving 
in different directions, the atmosphere is subject to great 
and sudden variations, rapidly changing from positive 
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to negative, and back again in the space of a few rain- 

Tites. • 

The principal causes which are supposed to 
posed to occa- producc clcctricity in the atmosphere are, 
"JT^the^ atmoi^ evaporatiou from the earth's surfece, cTiemical 
phcref changes which take place upon the earth's 

surface, and the expansion, condensation, and variation of 
temperature of the atmosphere and of the moisture con- 
tained in it. 

When a substance is burning, positive electricity escapes from it into tho 
atmosphere, while the substance itself becomes negatively electrified. Thus 
the air becomes the receptacle of a vast amount of positive electrid^ gener- 
ated in this manner. 

The atmosphere is most highly charged with 
atmosphere elcctricity whcn hot weather succeeds a series 
32*rged witC of wet days, or wet weather follows a succes- 
sion of dry days. 

There is more electricity in the atmosphere during the 
cold of winter than in the summer months. 

Lightning is accumulated electricity, generally dis- 
charged from the clouds to the earth, hut sometimes 
from the earth to the clouds. 

Who first es- 764. The identity of lightning and electric- 
iSentu?'* '^f ity was first estahlished by Dr. Franklin, at 
SSSid^r"* Phfladelphia, in 1752. 

The manner in which this &ct was demonstrated was as fol« 
Describe F™**- jo^g . — Having made a kite of a large silk handkerchief stretch- 
mcnt ed upon a frame, and placed upon it a pointed iron wire con- 

nected with the string, he raised it upon the approach of 
a thunder-storm. A key was attached to the lower end of the hempen 
string holding the kite, and to this one end of a silk ribbon was tied, 
the other end being fiststened to a post The kite was now insulated, 
and the experimenter for a considerable time awaited the result with 
great solicitude. Fmally, indications of electricity began to appear on tho 
string; and on Franklin presenting his knuckles to the key, he received 
an electric spark. The rain beginning to descend, wet the string, increased 
its conducting power, and vivid sparks in great abundance flashed from 
the key. Franklin afterward charged Leyden jars with lightning, and 
made other experiments^ similar to those usually performed with electrical 
machines. 
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Why wM ihi« ^^® experiment, as thus performed, was one of great riak 
experiment one and danger, sinoe the whole amount of electricity contained in 
rarf^^* '**"" the thunder-cloud was liable to pass from it, hj means of 
the string, to the earth, notwithstanding the use of the silk 
insulator* 
,«^ . , X,. From whatever cause electricity is present in the air, the 

What is the , , ^ « _^ •, ^ . .^ , , » , 

c^use of light- douds appear to collect and retam it ; and when a cloud ovor- 

***"& "' charged with electric fluid approaches another which is under- 

charged, the fluid rushes from the former into the latter. In a like manner, 
the fluid may pass from the cloud to the earth, and in such cases elevated 
objects upon the earth's surface, as trees, steeples, etc , appear to govern its 
direction. 

,^ , , , When a cloud highly charged with electricity is near to the 

Under what , , -«*.,, ^ . . 

circttmstances earth, the surface of the earth, for a great extent, may aiso 

does lightning become highly charged by induction ; and when the tension 
pass from tne ,.. , «»•! . i 

earth to the of the electricity becomes sumaently great, or the two eleo- 

douds? ^jJQ surfaces come sufficiently near, a flash of lightning not 

unfirequently passes from the earth to the clouds. In this way an equilibrium 

of the two elements is restored. 

Lightning clouds are sometimes greatly elevated above the surface of the 

earth, and sometimes actually touch the earth with one of their edges ; they 

are, however, rarely discharged in a thunder-storm when they are more than 

700 yards above the surface of the earth. 

„ 765. Liffhtnins: has been divided into three 

Ho^ many ,., , . ° i-i- i. i 

kinds of light- kinds, VIZ.. Zigzag, or chain-hghtning, sheet- 

mng are there? ', i i S t i • 

lightning, and ball-hghtning. 
Explain the The zigzag, or forked appearance of lightning, is believed to 
Sverseappwir- ^® occasioned by tlie resistance of the air, which diverts the 
ance of fight- electric current from a direct course. Tho globular form of 
"^ lightning sometimes observed, is not satisfactorily accounted 

for. What is called "sheet," or "heat" lightning, is sometimes the reflection 
in the atmosphere of lightning very remote, or not distinctly visible; but gen- 
erally this phenomenon is occasioned by the play of silent flashes of electricity 
between the clouds, the amount of electricity developed not being suflBcient to 
produce any other effects than the mere flash of light. 

766. The usual explanation of thunder is, 

cause of thun. that it is duo to a sudden displacement of the 

particles of air by the electrical current. Others 

have supposed that the passage of the electricity creates 

• When the experiment was snhseqnently repeated in France, streams of electric fire, 
nine and ten feet in length, and an inch In thickness, darted spontaneously with loud re- 
ports from the end of the string confining the kite. During tho sncceedlng year, Prof. 
Itichman of SL Petcrshur^, in making experiments somewhat similar, and haying his 
apparatus entirely issulatod, was immediatdjT ktUed. 

17* 
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a vaonum^ and that the air rushing in to fill it produces 
the sound. Every explanation that has yet been offered 
is somewhat unsatisfactory. 

The loUiDg oi the thunder has been ascribed to the effect of echo^ bot this 
undoubtedlj Is not the only cause. The rolling of thunder is heard as per- 
fectly at sea as upon land, but there none of the causes which are general]/ 
supposed to produce echo, as mountains, hills, buildings, etc, etc., are present. 
Another, and perhaps the true reason is, that the sound is developed by tlio 
lightning in passing through the air, and consequently separate 8oun<^ are 
produced at every point through which the lightning passes. 

Thunder-storms prevail most in the torrid zone, and decrease 
der Btonni in fi^quency toward either pole. In the arctic regions thunder- 
mostprcraUf etorms seldom or never occur. As respecta time, they are 
most frequent in the summer months. 

What is called a thunder-storm may be considered to 
be merely an effort of nature to effect an equilibrium of 
forces which have become disturbed. 

Wh era "^S?. A knowledge of the laws of electricity has enabled 

lightning con- man to protect himself from its destructive influences. Idght- 
fntr^ccd?** uing^rods, or conductors, were first introduced by Dr. Frank- 
lin. He was induced to recommend their adoption as a means 
of protection to buildings, eta, from observing that electricity could bo quietly 
and gradually withdrawn from an excited sur&ce by means of a good con- 
ductor, which was pointed at its extremity. 

y^^^ jg . As ordinarily constructed, a Hghtning-con- 
lightoing-rod? ductor coHsists of a metal rod fixed in the 
earth, running up the whole height of a building and ris- 
ing to a point above it. 

^ ,, The best metal that can be used for a light- 

Hoir Bhonld a , .j, . . 1,1-1 

iightning-rod BiDg-rod 18 coppcr ; if irou IS used, the rod 
should not be less than three quarters of an 
inch in diameter. When only one rod is used, it should 
be continuous from the top to the bottom, and an entire 
metallic communication should exist throughout its whole 
length. This law is violated when the joints of the several 
parts that form the conductor are imperfect, and when the 
whole is loosely put together. 

The rod should also be of the same dimensions through- 
out. The rod is best fastened to the building by wooden 
supports. If there are masses of metal about the build- 
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ing, as gutters, pipes, etc., they should be connected with 
the rod by strips of metal, and directly, if possible, with 
the ground. The lower end of the rod, where it enters 
the ground, should be divided into two or three branches, 
and turned from the building. 

It ought also to extend so fer below the surface of the ground as to roach 
water, or earth that is permanently damp. It is, moreover, a good plan to 
bury the end of the lightning-rod in powdered charcoal, since this pre- 
serves in a measure the iron from rust, and facilitates the passage of the 
electricity. 

A building will be most perfectly protected when the lightning-conductor 
has several branches, with pointed rods projectmg freely in the air fiom dis- 
tant summits of the building, and connected with the main rod. 

Professor Faraday advises that lightning-conductors should be arranged 
upon the inside of buildings rather than upon the outside. 

What space -^ Ughtning-conductor of suflBlcient size is 
wd proteS?*' believed to protect a circle the diameter of 
which is four times the length of that part of 
the rod which rises above the building. Thus, if the rod 
rises two feet above the house, it will protect the building 
for (at least) eight feet all round. 

.^ A lightnmg-conductor may be productive of harm in two 

lightning-rod ways ; if the rod be broken or disconnected, the electric fluid, 
SriJSrafr*^^* being obstructed in its passage, may enter the building; and 
if the rod be not large enough to conduct the whole current 
to the earth, the lightning will fuse the metal and enter the building. 

A lightning-conductor protects a building even when no visible discharge 
takes place, by attracting the electricity of an approaching cloud, and caus- 
ing it to pass off silently and quietly into the earth. This process commences 
as soon as the doud has approached a position vertically over the rod. 
What oiAoe *^^^' ^^ regards safety in a thunder-storm, it is prudent, if 

are safe and out of doors, to avoid trees and elevated objects of every 
oa?in a*Smn- ^^^ which the lightning would be likely to strike in its pas- 
der-fltormt sage to the earth. A stream of water, being a good conduc- 

ductor, should be avoided. 

If within doors, the middle of a carpeted room is tolerably safe,, provided 
there is no lamp hanging from the ceiling. It is prudent to avoid the neigh- 
borhood of chimneys, because lightning may enter the room by them, soot 
being a good conductor. For the same reason, a person should remove as 
iax 9& poeable from metals, mirrors, and gilt articles. The safest position that 
can be occupied is to lie upon a bed in the middle of a room — ^feathers and 
hair being excellent non-conductors. In all cases, the position of safety is 
that in which the body can not assist as a conductor to the lightning. The 
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position of sorroanding bodies must therefore be attended to, whether a per- 
son be insulated or not 

The apprehension and solicitude respecting lightning are proportionate to 
the magnitude of the eriJs it produces, rather than the frequency of its occor- 
rence. The chances of an individual being killed bj lightning are infinitely 
less than those which he encounters in his daily walks, hi his occupation, or 
even during his sleep from the destruction of the house in which he lodges by 
fire. 

now are the *^^^' The mechanical power Gxerted bj light- 
nlS? rf^*H* ht ^°g ^^ enormous and difficult to account for. 
mug ucouuted ^^ago supposed that the heat of the light- 
ning in passing through any substance, in- 
stantly converted all the moisture contained in it into 
steam of a highly explosive character, and that the great 
mechanical effects observed are duo to this agent rather 
than to the direct effect of the electric current. A tem- 
perature that can instantly render iron red hot, is known 
to be sufficient to generate steam of such an elastic force 
that it would overcome all obstacles, and if the water con- 
tained in the pores of bodies is at once converted into 
steam of this character, its force would be capable of pro- 
ducing any of the mechanical effects witnessed in lightning 
discharges. 

Another theory supposes that the natural electricities 
of non-conducting bodies are forcibly decomposed by the 
presence of the electric fluid which forms the lightning, 
and that their violent separation forces every thing asun« 
der which tends to confine them. 

What is the 770. The phenomenon of the aurora boreaUs 
S?S?»^^reiii8f is supposed to be due to the passage of electric 
currents through the higher regions of the 
atmosphere — the different colors manifested being pro- 
duced by the passage of the electricity through air of dif- 
ferent densities. 

Where docBthe ^^ ^he northern hemisphere the aurora al- 
aororaappcar? ^^^^ appcars in the uorth, but in the south- 
em hemisphere it appears in the south ; it seems to origin- 
ate at or near the poles of the earth, and is consequently 



ATMOSPHERIC ELECTRICITT. 397 

seen in its greatest perfection within the arctic and an- 
tarctic circles.* 

The aurora is not a local phenomenon, but is seen simultaneously at places 
widely remote from each other, as in Europe and America. 

The general height of the aurora is supposed to bo between one and two 
hundred miles above the surface of the earth ; but it sometimes appears 
within the region of the clouds. 

Auroras occur more frequently in the winter than in the summer, and aro 
o ily seen at night. They affect hi a peculiar manner the magnetic needlo 
and tbo electric telegrapli, and as the disturbances occasioned in these in- 
sirumcnts are noticed by day as well as by night, there can be no doubt of the 
occurrence of the aurora at all hours. The uitense light of the sun, however, 
renders the auroral light invisible durmg the day. 

Fia. 331. 




The accompan3ring figure represents one of the most beautiful of the au- 
roral phenomena. 

It has often been asserted, and on good authority, that sounds have been 
beard attending the phenomena of the aurora^ like the rustling of silk, or the 
sound and crackling of a fire. On this point, however, thero is great differ- 
ence of opmion. 

Auroras appear to be subject to some variation in their appearance, extend- 
ing through a circle of years. Tims, from 1705tol752, the northern lights 
became more and more frequent, but after that for a period thoy were seen but 
rarely. Since 1820 they have been quite frequent and brilliant 

* In the arctic and antarctic circles, when the sun is absent, the anrora appears with s 
nagnificencc unknown in other regions, and affords light sufficient for many of the ordi- 
nary out-door employments. 



What te CM- 



CHAPTER XVI. 

GALVANISM. 

^^ ^ 771. Electricity excited or produced by 

5d^f ^'**" *^® chemical action of two or more dissimilar 
substances upon each other is termed Gal- 
vanic, or Voltaic Electricity, and the department of 
physical science which treats of this form of electrical 
disturbance is called Galvanism, 

wi»t riapu The most simple method of illustrating the 
?2Sftor**tili production of galvanic electricity is by placing 
giwSSte**"*!^ a piece of silver (as a coin) on the tongue, and 
tricity r a piece of zinc underneath. So long as the 

two metals are kept asunder no eflfect will be noticed, but 
when their ends are brought together, a distinct thrill will 
pass through the tongue, a metallic taste will diffuse itself, 
and, if the eyes are closed, a sensation of light will be evi- 
dent at the same moment. 

This result is owing to a diemical action which is developed tiie moment 
t'lo two metals touch each other. The saliva of the tongue acts cfaemicall/ 
upon, or ox jdizes a portion of the zinc^ which excites electrici^, for no cfaem- 
ical action ever takes place without producing electricitj. Upon bringing 
the ends of the two metals together, a slight current passes tcom one to tho 
other. 

If a living fish, or a frog, having a small piece of tin- foil on its back, bo 
placed upon a piece of zinc, spasms of tho muscles will be excited whenever 
a metallic communication is made between the zinc and the tin-foH 

whenMdhoir The productiou of electricity by the chemi- 
Secfcrtdtjr*^ cal action of two metals when brought in con- 
coveredf ^^^^ ^^^g ^^^ noticed by Galvani, professor of 

anatomy at Bologna, Italy, in 1790. 

His attention was directed to the sobject in the following manner: — Hav- 
ing occasion to dissect several finogs, he hung up their hind legs on somo cop- 
per hooka, until he might find it necessary to use them for illustration, In 
this manner he happened to suspend a number of tho copper hoo^s on a!i 
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iron balcony, when, to his great astonishment, the limbs were thrown into 
violent conrulsions. On investigating the phenomenon, he found that the 
mere contact of diasimilar metals with the moist surfeces of the muscles and 
neives, was all that was necessaiy to produce the convulsions. 

TiQ, 332. 




This shigular action of electricity, first noticed by Galvani, may be expert* 
mentally exhibited without difficulty. Fig. 332 represents the extremities 
of a &ogf with the upper part dissected in such a way as to exhibit the nerves 
of the legs, and a portion of the spinal marrow. If we now take two thin 
pieces of copper and sdnc, Z, and place one under the nerves, and the other 
in contact with the muscles of the leg, we shall find that so long as the two 
pieces of metal are separated, so long will the limbs remain motionless; but 
by making a connection, instantly the whole lower extremities will be thrown 
into violent convulsions, quivering and stretching themselves in a manner too 
singular to describe. If the wire is kept closely in contact, these phenomena 
ore of momentary duration, but are renewed every time the contact is made 
end broken. 

Gralvani attributed these movements of the muscles to a 
kind of nervous fluid pervading the animal system, similar to 
the electric fluid, which passed from the nerves to the mus- 
cles, as soon as the two were brought in communication with 
each other, by means of the metallic connection, in the same way as a dis- 
charge takes place between the external and internal coatings of a Leyden 
jar. He therefore called the supposed fluid animal electricity. 



To what did 
Oalvanl attri- 
bute these phe- 
nomena ? 
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Whmt wmi d - ^® experiments of Galvani were repeated by Volta, an 
termit ed by eminent Italian philosopher, who found that no electrical or 
^®^^' nervous excitement took place unless a communication bo- 

tween the muscles and the nerves was made by two different metals, as cop- 
per and iron, or copper and zinc He considered that electricity was produceci 
by simple contact of the dissimilar metals, positive electricity bemg evolved iroDci 
the one and negative electricity from the other. 

"What i« the The true cause of electrical excitement occa- 
rkctridtTd^ sioned by the contact of dissimilar metals is 
uc?^f^diflferl ^^^ ^^l^y ascertained to be chemical ac- 
eatmetaiH? ^Jqjj . ajj^j rcccnt rescarches have also proved 
that no chemical action ever takes place without the de- 
velopment of free electricity. 

The electricity produced by chemical action has been 
termed Galvanic, or Voltaic Electricity, in honor of Gal- 
vani and Volta, who first developed its phenomena. 
HowdoeaRai- . ^72. Galvauic electricity, or the electricity 
?o°m ordfiiarj dcveiopcd by chcmical action, differs from fric- 
eiectricity? tioual, or Ordinary electricity, chiefly in its 
continuance of action. The electricity developed by fric- 
tion from a glass plate, or the cylinder of an electrical 
machine, exhibits itself in sudden and intermittent shocks, 
accompanied with a sort of explosion ; whereas that which 
is generated by chemical action is a steady, flowing current. 

The fundamental principle which forms the basis of the science of galvanic 
electricity is as follows : 

Any two metals, or more generally, any two 
fom8the°bSil different bodies which are conductors of elec- 
of ^gUiia^ tricity, when placed in contact, develop elec- 
cty tricity by chemical action — positive electricity 
flowing from the metal which is acted upon most power- 
fully, and negative electricity from the other. 
,^ . In general, that metal which is acted upon 

What are eleo- ^ ., , t % i , •• i 

iro-positiye most casiIy IS termed the electro-positive metal, 
negative oie- ot element ; and the other the electro^nega- 
tive metal, or element. 
The electrical force or power generated in this way is 
called the electro-motive force. 
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What is the 
practical meth- 
od of exciting 
galvanic elec- 
tricity? 



773. Different bodies placed in contact manifest differ- 
ent electro-motive forces, or develop different quantities 
of electricity. 

_ ^ - Bodies capable of developing electricity by contact may be 

HowmayDod- '^ u xu i. i , . 

Ses capable of arranged m a senes m such a manner that any one placed m 

to<?motiTo^^^°' contact with another holding a lower place in the series, will 
forces be ciaBsi- receive the positive fluid, and the lower one the negative fluid ,* 
and the more remote they stand from each other in the order 
of the series, the more decidedly will the electricity be developed by their 
contact. 

The most common substances used for exciting galvanic electricity may bo 
arranged in such a series as follows : — zinc, lead, tin, antimony, iron, brass, 
copper, silver, gold, platinum, black lead or graphite, and charcoal. 

Thus, zinc and lead, when brought in contact, will produce electricity, but 
it will bo much less active than that produced by the union of zinc and iron, 
or the same metal and copper, and the last less active than zinc and platinum 
or zinc and charcoal. 

774. In the production of galvanic electricity for practical 
purposes, it is necessary to have a combmation of three dif- 
ferent conductors, or elements, one of which must be solid 
and one fluid, while the third may be either solid or fluid. 
The process usually adopted is to place between two plates 
of different kinds of metal a liquid capable of exciting some chemical action 
on one of the plates, while it has no action, or a different action upon the 
other. A communication is then formed between the two plates. 

What is a Gal- When two mctals capable of exciting elec- 
vanic Circuit? tricitj are so arranged and connected that the 
positive and negative electricities can meet and flow in 
opposite directions, they are said to form a galvanic cir- 
cuit, or circle. 

^ .^ , A very simple, and Fm, 333. 

Describe a Sim- , . 

pie GalTaoie at the same time an ac- 
Battery. ^^^^ galvaniocircuit may 

be formed by an arrangement as repre- 
sented in Fig. 333. and Z are thm 
plates of copper and zinc immersed in a 
glass vessel containing a very weak so- 
lution of sulphuric acid and water. 
Metallic contact can be made between 
the plates by wires, X and "W, which 
aro soldered to them. If now the wires 
are connected, as at T, a galvanic cir- 
cuit will be formed ; positive electricity 
passing from the zinc through the liq- 
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Hid, to the copper, sad fitxm the oopper along the oondiict&^ifrires to the 
sine, as indicated bj the arrows m the figure. A current of negative ^eo- 
tricity at the same time traverses the drcoit aJso^ fixm the ooppo' to the 
zinc, in a direction precisely reversed. 
Such an arrangement is called a simple galvanic battery. 

•What «Te the The two nietals forming the elements of the 
?^ibitienrV ^tteiy are generally connected by copper 
wires ; the ends of these wires, or the terminal 
points of any other connecting medinm used, are called the 
poles of the battery. 

Thus, when zinc and copper plates are need, the end of the wire conveying^ 
positive electricity from the copper would be the positive pole^ and the end of 
the wire oonve3ring negative electricity from the zinc plate would be the 
negative pole. Faraday describes the poles of the battery as the doors by 
which electricity enters into or passes out of the substance suffering decom- 
position, and in accordance with this view he has given to the positive pole 
the name ofanode^ or ascending way, and to the negative pole the name of 
caOhocUf or descending way. 

At irhat point ^hc manifestations of electricity will be most 
te *do<^^ apparent at that point of the circnit where the 
SS^SSd r two currents of positive and negative electricity 
meet. 

Wh ifl dr 'Wlien the two wires connecting the metsl plates of a bat- 
enit 0«id to be tery are brought in contact, the galvanic circuit is said to be 
*^^^"^' ckMed. No sign of electrical excitement is then visible; the 

action, nevertheless, continues. The opposite electricities collected at the 
poles, in particular, neutralize each other perfectly on meeting; every trace 
of electricity must therefore vanish, as when a Leyden jar is discharged, if a 
fresh quantity were not continually produced by tiie pairs of plates. If the 
wires which conduct the two electricities be slightly disconnected, a spark 
will be observed at the point of interruption. 

In the formation of a galvanic circuit, by the employment 
theory of the of two metals and a liquid, the chemical action which gives 
S?vmSc**^o^ "* ^® *^® electricity takes place through a deoomposition of 
tricity. the liquid. It is, therefore, essential to the formation of nn 

active galvanic circuit, that the liquid employed should be ca- 
pable of being decomposed. Water is most conveniently applicable for this 
purpose. When a plate of zmc and copper are Immersed in water, tho ele- 
ments of the water, oxygen and hydrogen, are separated from eadi other, in 
consequence of the greater attraction which the oxygen has for the zinc Tho 
oxygen, therefore, unites with the zinc, and by so doing produces an altera- 
tion in the electrical condition of the metal. The zinc communicating its nat- 
ural share of electricity to the liquid, becomes negatively electrified. The 
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copper flitftraetiQg tiie same etoctricit^ from the liquid, beoomcB positively 
elec^fiedy ; at the same time the hydrogen, which is the other elemoDt of 
the water, is also attracted to the copper, and appears in minute bubbles upon 
its surface. If the two metal plates be now connected with metallic wires, 
positive electricity will flow from the copper and negative electricity from the 
zinc, and by the union of these two an electric current will be formed.* 

With water alone and two metals, the quantity of electricity excited is very 
small, but by the addition of a small quantity of some acid, the excitement i3 
greatly increased. 

whAt i ih Although two metal plates are employed in the arrangomei.t 

necessi^of two described, only one of them is active in the excitement of clec- 
™^^ ctosott? ' *"°^*y» *^® other plate serving merely as a conductor to collect 
the force generated. A metal plate is generally used for this 
purpose, because metals conduct electricity much better than other substances 
exposing an equal surface to the fluids in which they are immersed ; but other 
conductors may be used, and when a proportionately larger surface is ex- 
posed to compensate for inferior conducting power, they answer as weU, and 
in some instances better, than metal plates. Thus charcoal is very often em- 
ployed in the place of copper, and a very hard material obtained from the in- 
terior of gas retorts^ called graphite, is considered one of the best conductors. 

Two metals are not absolutely essential to the formation of a simple gal- 
vanic circuit A current may be obtained from one metal and two liquids, 
provided the liquids are such that a stronger chemical action takes place on 
one side of the metal plate than on the other. 

In some electric batteries also, two metals and two dissimilar liquids are 
employed. 

775. The electricity developed by a simple 
vanic action be galvanic ciicuit, whether it be composed of 

Increased? • 

two metals and a liquid, or any other combin- 
ation, is exceedingly feeble. Its power can, however, be 
increased to any extent by a repetition of the simple com- 
binations. 

• The terms " deetric fluid" and " electric current," which are frequently employed In 
~ describing electrical phenomena, are calculated to mislead the student into the supposi- 
tion that electricity is known to be a fluid, and that it flows in a rapid stream along the 
wires. Such terms, it should be understood, are founded merely on an assumed analogy 
of the electric force to fluid bodies. The nature of that force is unknown, and whether lis 
transmission be in the form of a current, or by vibrations, or by any other means, is u; • 
determined. 

In a discussion which took place some years since at a meeting of the Brittsh Associa- 
tion for the Advancement of Science, respecting the nature of electricity, Professor Fara- 
day expressed his opinion as follows :— '' There was a time when I thought I knew some- 
thing about the matter ; but the longer I live, and the more carefully I study the subject, 
the more convinced I am of my total ignorance of the nature of electricity." 

** After such an avowal as this," says Mr. Bakewell, ** from the most exnlnent electridan 
of the age, it is almost useless to say that any terms which seem to designate the foxtn of 
electricity are merely to be considered as eoDvenient conventtonal ezpresslonfl.** 
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Th« first attampt to meraaw 
^uTrfVol^* the power of agalraniccirciiit 

bj increasing the number of 
the combinations, was mado by Volta. He 
constructed a pile of zinc and copper plates 
with a moistened cloth interposed between 
each. He commenced with a zanc plate, upon 
which ho placed a copper plate of the same 
8'ze, and on that a circular piece of doth pre- 
viously soaked in water slightly acidulated. 
Ou the cloth was laid another plate of zinc, 
then copper, and again cloth, and so on in sue* 
cession, until a pile of fifty series of alternate 
metal plates and moistened cloths was formed, 
the terminal plate of the series at one end being 
copper and at the other end zinc. A metallic 
wire attached to the highest copper plate will 
constitute the positive pole, and another to the lowest anc plate the negatire 
polo of such a seriea 

Fig. 334 represents Yolta's arrangement of metal plates and wet clotb% 
with the metallic wires, which constitute the poles. 

Such combinations are denominated Voltaic Piles, or 
Voltaic Batteries, and very often Galvanic Batteries. 

As two different metals and an interposmg liquid are generally employed 
for this purpose, it has been usual to call these combinations pairs or eUmemia; 
BO that the battery is said to consist of so many pairs or elements, each pair 
or element consisting of two metals and a liquid. 

776. Voltaic piles or batteries have 
been composed and constructed in 
a great variety of forms, by oombm- 
ing together in a series various sub- 
stances which excite electricity when 
acted upon chemically. 

Thus, they have been constructed entirely of veg- 
etable substances, without resorting to the use of 
any metal, by placing discs of beet-root and walnut- 
wood in contact With such a pile, and a leaf of 
gniss as a conductor, convulsions in the muscles of a 
dead frog are said to have been produced. Other 
experimentalists have formed voltaic piles wholly 
of animal substances. 

^ _.. - -^ perfectly dry voltaic pile, known 

Describe Zam- - -,. • . rr , -, «.. 

boni'B Pile. fr°™ ^^ mventor as Zambom's Pile, 

may be formed of sheets of gilded 

paper and sheet zinc. If several thousands of these 



Of what sab- 
Btanccs have 
voltaic piles 
been construct- 
ed? 
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be packed together in a glass tabo, so that their simiUur metaUio &eea shall 
all look the same waj, and be pressed tightly together at each end hj metallic 
plates, it will be found that one extremity of the pile is positive and the 
other negative. Such a series will last more than twenty years, but it re- 
quires as many as 10,000 pairs to afford sparks viable in daylight, and to 
charge the Leyden jar. 

Fig. 335 represents a pair of these piles, so airanged as to produce what 
has been called a perpetual motion. Two piles, P N, are placed in such a 
position that their poles are reversed, and between them a light pendulum, 
vibrating on an axis and insulated on a glass pillar. This pendulum is alter- 
liately attracted to one and then to the other, and thus rings two little bells 
connected with the positive and negative poles. 

The galvanic batteries in practical use at the present time differ consider- 
ably in form and efficiency, but the principle of construction in all is the same 
as that of the original voltaic pile. 

•X .,. *v -A. very effective FlO. 336. 

Desenbe the ' ^. 

trougb battery, arrangement known 

as the trough bat- 
tery, is represented in Fig. 336. 
This consists of a trough of wood 
divided into water-tight cells, or 
partitions, each cell being arranged 
to receive a pair of zinc and copper 
plates. The plates are attached to 
a bar of wood, and connected with 
one another by metallic wires, in 
such a way that every copper plate 
IS connected with the zinc plate of 
the next celL The battery is excited by means of dilute sulphuric acid poured 
into the cells, and the current of electridty is directed by wires soldered to the 
extreme plates. When the battery is not in use the plates may be raised from 
the trough by means of the wooden bar. 

The battery by which Sir Humphrey Davy effected his splendid chemical 
discoveries was of this form, and consisted of two thousand double plates of 
copper and zinc, each plate having a surface of thirty-two square indies. 
Now, however, by improved arrangements, we can produce with ten or 
twenty pairs of plates, effects every way superior. 

Fia. 337. 
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Describe Smee^a 

battery. 




In other and nuxe efficient compound galvanic drcoita) tibe ezdting fiqmd 
is placed in a aeries of separate caps, or glaaaefl, aEranged in a dicte, or in. 
parallel lines. Each cap contains one zinc and one copper plate, not imme- 
diately in connection with each other, bat every zinc jUsAe of one cap is con- 
nected with the copper plate of the preceding, by a copper band, or wire^ 
This arrangement is represented in Fig. 337, the copper plate, and the direc- 
tion of the po^tive current being indicated by the sign +, and the zinc plate 
and the direction of the negative current by the sign — , 

The simplest form of galvanic battery at present used is 
that invented by Mr. Smee, and known as Smee's battery. 
(See Fig. 338.) It consists of a plate of silver coated with 
platinum, suspended between two plates of zinc, s 2, the sur- ]^^ 333^ 
faces of which last have been coated with mercuiy, or amal- 
gamated, as it is called.* The three are attached to a wooden 
bar, which serves to support the whole in a tumbler, Gr, par- 
tially filled with a weak solution of sulphuric acid and water. 
The wires, or poles for directing the curr^t of electricity are 
connected with the zinc and platinum plates by small acrew- 
cups, S and A. 

What is the Another form of battery, Called the Bulphate 
saiphateofoop- of copper battery, from the fact that a solution 
per battery? ^f sulphate of copper (blue vitriol) is used as 
the exciting liquid, is represented by Fig. 339. It consists of two conoentno 
cylinders of copper ti^tly soldered to a copper bottom, 
and a zinc cylinder, Z, fitting in between them. The 
zinc cylinder, when let down into the solution, is pre- 
vented from touching the copper by means of three 
pieces of wood or ivory, shown in the figure. Two 
screw-cups for holding the connecting wires are at- 
tached, one to the outer copper cylinder, and the other 
to the zinc. 

The principal imperfection of the gal* 
yanic battery is the want of uniformity 
in its action. In all the various forms 
the strength of the electric current ex- 
cited continually diminishes fix>m the moment the battery 
In the sulphate of o^per battery, especially, the power 
is reduced to almost nothing in a comparatively brief space of time. This is 
is chiefly owing to the circumstance that the metallic plates soon become 
coated with the prod.ucts of the chemical decomposition, the result of the 
chemical action, whereby the electricity is developed. 

This difficulty is obviated, in a great degree, by the use of a diaphragm, or 
porous partition, between the two metallic plates, which allows a fi'ee contact 

* It is found that by coating tiie zinc with mercury, the waste of the zlno is greatly 
diminLshed. It is not well understood in what way the mercury contributes to tiiis effect. 
We hare a parallel to it in the rubber of the eleotrieal machine, which, when coated with 
an aomlgam of zinc and tin, acts with greater efficiency than under any other, circum- 
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principal im- 
perfection of 
the galyanio 
battery? 

action 
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Pio. 340. 



What is the 
construction of 
Grove's bat- 
tery? 




of the liquid on each side, within its poreSi but prevents the solid products 
of decomposition from passing from one plate to the other. 
Describe Dan- Daniel's constant batteiy, constructed acconMng to this 
iei's constant principle, and represented in ¥ig. 340, nuuntains an effectiye 
battery. galvanic action longer 

than any other ; a is a hollow cylinder 
of copper; Zj a solid rod of amalgam- 
ated zinc; and c, a porous tube of 
earthenware separating the two. 
Diluted sulphuric is placed in the 
porous tube, and a saturated solution 
of sulphate of copper in the copper 
cylinder. 

One of the most effi- 
cient batteries is that 
known as Grove's bat- 
tery, from its inventor, and is the form generally used for 
telegraphing and for other purposes in which powerful galvanic action is re- 
quired. It consists of a plain glass tumbler, in which is placed a cylinder of 
amalgamated zinc, with an opening on one side to allow a free circulation of 
the liquid "Within this cylinder is placed a porous cup, or cell, of earthen- 
ware, in which is suspended a strip of platiiium fastened to the end of a zinc 
arm projecting from the adjoinmg zinc cylinder. The porous cup containing 
the platinum is filled with strong nitric add, and the outer vessel containing 

the zinc with weak sulphuric 
FiCK 341, acid. Fig. 341 represents a 

series of these cups, arranged 
to form a compound circuit, 
with their terminal poles, P 
and Z. This fonn of battery 
is objectionable on account 
of the corrosive character of 
the acids employed, and 
the deleterious vapors that 
arise from it when in ac- 
tion. 
777. The electricity evolved by a single gal- 
vanic circle is great in quantity, but weak in 
intensity. 

These two qualities may be compared to heat of diflferent temperatures. A 
gallon of water at a temperature of 100° has a greater quantity of heat than a 
pint at 200° ; but the heat of the latter is more intense than that of the former. 

The electricity, on the contrary, produced 




Wliat is the dis- 
tinctiye charac- 
UiT of galvanic 
electricity? 



What is the dis- 
tinctive charac- 
t<ir of frictional 



tinctive charac- j^y faction, or that of thc electrical machine. 



electricity? 

intensity. 



is small in quantity, but of high tension, or 
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. FrictioQalelectridtjiacapableofpafidngfor aoonsidsrable 

difiEerenoes be- distance through or over a non-conducting or insulating sub- 
^j«^J\^^^ejiro -stance, which galvanic electricity can not do. Thus, the spaik 
from a prime conductor will leap toward a conducting sub- 
Etance for some distance through the air, whidi is a non-conductor; but if a 
current of galvanic electricity is resisted by the slightest insulation, or the in- 
terposition of some non-conducting substance, the action at once stops. Gal- 
vanic electricity will traverse a circuit of 2,000 miles of wire, rather than make 
a short circuit by overleaping a space of resisting air not exceeding one hun- 
dredth part of an inch. Frictional electricity, on the other hand, will force a 
passage across a considerable interval, in preference to taking a long circuit 
through a conducting wire, or at least the greater portion of it will pas3 
through the air, though some part of the charge will always traverse the wire. 

Frictional electricity produces very slight chemical or heating effects ; gal- 
vanic electricity produces very powerful effects. 

A proper and simple arrangement of a zinc plate and a little addulated 
water, will produce as much electricity in three seconds of time as a Leyden. 
jar battery charged with thirty turns of a large and powerful plate electrical 
machine in perfect action. The shock received by transmittmg this quantity 
of galvanic electricity through the animal system would be hardly perceptible, 
but received from a Leyden jar, would be highly dangerous, and perhaps 
iataL A grain of water may be decomposed and separated into its two ele- 
ments, oxygen and hydrogen, by a very simple galvanic battery, in a very 
short time; but 800,000 such charges of a Leyden jar battery, as above re- 
ferred to, would be reqmred to supply electricity sufficient to accomplish tho 
same result * Such a quantity of electricity sent forth from a Leyden jar 
would be equal to a very powerful Qash of lightning. 

uponwhAtdcHsi The quantity of electricity excited in a gal- 
?aSf eiectSi' vanic circuit is directly proportional to the 
ty depend? amount of chemical action that takes place — 
as between the zinc and the acid. By increasing the 
amount of surface exposed to chemical action^ we there- 
fore increase the quantity of electricity evolved. 

Hence, gigantic plates have been constructed for the pxirpose of obtaining 
an immense quantity. 

, , The intensity of the electricity evolved de- 

i .to .fiity de- pends upon the number of plates, and is great- 
est when the voltaic pile is made up of a great 
number of small plates. 

Supposing an equal amount of sur£ice of copper and zinc employed, tho 
shock, and other indications of a strong charge, would be greater if it wero 
cut up into many small circles, than if it formed a few large ones. But tho 
actual quantity cf excitement would be greatest with the lai^e plates. 
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How may toi- 778. When the wire from one end of a vol- 
iStor^pSaS taic battery is connected with the wire from 
renewed? ^j^g opposito end, voltaic action instantly com- 

mences ; and it as instantaneously ceases when the con^ 
nection is interruptei The rapidity with which the elec- 
tric circuit may be completed and broken has no ascertained 
limit ; nor does it appear to be controlled by resistance 
caused by traversing miles of wire. 

What are the *^'^^' ^^^ ^^^ Ordinary effects produced by 
^£tB^^f°S *^® developed electricity of a large galvanic 
vanic eiectrici- battery, are the production of sparks and bril- 
liant flashes of light, the heating and fusing 
of metals, the ignition of gunpowder and other inflam- 
mable substances, and the decomposition of water, saline 
compounds, and metallic oxyds. 
.^ ^ Heat is evolved whenever a galvanic cur- 

Whendoesgal- . , , , 

vanic eiectrici- rcut passcs ovcr a conductmg body, the amount 

ty evolve beat ? o t/ * 

of which will depend on the quantity and in- 
tensity of the electricity transmitted, and upon the re- 
sistance which the body offers to the passage of the cur- 
rent 

The metala differ greatly in their conducting power. Thus, if we link 
together pieces of copper, iron, silver, and platinum wire, and pass a galvanic 
current along them, they will be &und to be unequaUj heated, the platinum 
being the most, and the copper the least 

The easiest method of showing hj experiment the heating 
hMtlng^'Sf^ power of the galvanic current is to oonnnect the poles of a 
of ^hranie battery by means of a fine platmum wire. If the wire is very 
SiMtratS? long it may become hot; shorten it to a certain extent, and 

it will become red-hot; shorten it still more, and it will bo- 
come white-hot, and finally melt If such a wire is carried through a small 
quantity of salt water on a watch-glass, the liquid will boil ; if through alco- 
hol, etiier, or phosphorus, they will be inflamed ; if through gunpowder, it will 
bo exploded 

What Heal '^^ powor has been applied to the purpose of firing blasts, 
ftppiieation has or mines of gunpowder, an operation which may bo effected 
twa*pwrf ^' "^^^^ ®^^^ facility under water. The process is as follows: — 

The wires from a sufficiently poweefhl battery are connected 
by a piece of fine platinum wire, which is ph^oed in a mass of gunpowder con- 
tained in a cavity of a rock, or inclosed U\ ft vessel beneath the surfiioe of 
water. The wire may bo of any length, but the mqment connection is made 

18 ' 
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with the battery the current paaaes, renders the planum red-hot, asd ex- 
plodes the the powder,* 

The greatest artificial heat man haa yet succeeded in pro- 
neatest artifl- ducing has been through the agency of the galvanic battery. 
*^ d ^*d*f ^* "^^ ^^® metals, including platinum, which cau not be fused 
by any furnace heat, are readily melted. Gold burns with a 
blueish light, silver with a bright green flame, and the combustion of tho 
other metals is always accompanied with brilliant results. All the earthy 
minerals may be liquefied by being placed between the poles of a sufficiently 
lirge battery. Sapphire, quartz, slate, and lime, are readily melted; and 
the diamond itself fuses, boils, and becomes converted into coal. 

jioir are the ^80. The luminous effects of the galvanic 
fo^8°**of the tattery are no less remarkable than its heating 
^^^ifMU effects. A very small voltaic arrangement is 
®*- sufficient to produce a spark of light every 

time the circuit is closed or opened. If the two ends of 
wires proceeding from the opposite poles of a battery are 
brought nearly together, a bright spark will pass from one 
to the other, and this takes place even under water, or in 
a vacuum. 

Hoir may the The most Splendid artificial light known is 
Suficiai^ught produced by fixing pieces of pointed charcoal 
be produced? ^ ^Jjq wircs counectcd with opposite poles of a 
powerful galvanic battery, and brioging them within a short 
distance of each other. The space between the points is 
occupied by an arch of flame that nearly equals in dazzling 
brightness the rays of the sun. 

This light, which is termed the electric Uglit, dififers from 

eiectric***'light ^ other forms of artificial light, inasmuch as it is independent 

differ from all of ordinary combustion. The charcoal points appear to suffer 

lights ? no change, and the light is equally strong and brilliant in a 

vacuimi, and in such gases as do not contain oxygen, where 

• In the course oi the eotiBtruction of & railway recently in England, it became neces- 
rary to detach a large mass of rock from a cli£F on the sea-coast in order to avoid the cx- 
])ense of a long tunnel To hare done this hy the direct appUcatioa of human labor aud 
the ordinary operations of blasting, would have been attended with an immense expendi- 
ture of time and money. It was accordingly resolved to blow it up with gunpowder, 
ignited by thegalvanic battery. Nine tons of powder were accordingly deposited in cham- 
bers at from 50 to 70 feet from the face of the cliflT, and fired by a conducting wire connected 
with a powerful battery, placed at 1,000 feet from the mine. The explosion detached 
600,000 tons* weight of chalk from the difll It was proved that this might have been 
equally effected at the distance of 8,000 feet This bold experiment saved eight months* 
labor and $50,000 expense. 
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an other artificial Ughta wotdd be eztingoxfllied. It may eyen be produced 
tinder water. To excite the electricity, however, which occasions this light, 
zinc or some otiier metal must be oxydized, or what is the same thing burnt, 
the same as oil in our lamps, or coal in the gas retorts for the production of 
other species of artificial light 

The effects of the galvanic battery upon the 

"^at are the , i ^ xi. • i "T 

phyeioiogieai nervos and muscles oi tbe animal system are 
la^ tSflctriel of the same character as those produced by 
"^' ordinary electricity. 

On grasping the two ends of the connecting wires of a battery of some 
force with wet hands, a peculiar tremor will be felt in the joints of the arm 
and hand, accompanied by a slight contortion of the muscles, and increasing 
to a violent shock. This shock is repeated every time a contact between the 
hand and the wire is broken and renewed. The concussion of the nerves of 
the body is^ therefore, produced by the entrance and exit of the currents of 
electricity ; for they evidently must pass through the body the moment it forms 
the connecting link between the two poles. 

Bj a particular arrangement, the circuit may be closed or interrupted at 
pleasure, and in such a manner that the current may be made to pass alter- 
nately through the wires and the body ; the latter being thus exposed to a 
series of shocks which are considered particularly adapted for the euro of 
diseases arising from the injury or derangement of the nervous system. It is, 
inoreover, a highly valuable remedy in cases of sufibcation, drowning, paraly- 
sis, etc. i and numerous arrangements have been at various times proposed 
for the construction of medico-galvanic machines. 

The effects of galvanic electricity on bodies recently deprived of life is very 
remarkable, and it was through an accidental observance of its action upon a 
dead fro^ that galvanism was discovered. By connecting the muscles and 
nerves of recently-killed animals with the poles cf a battery, many of the 
movements of life may be produced. Some remarkable experiments of this 
character were made some years since upon the body of a man recently 
executed for murder at Glasgow, in Scotland. The voltaic battery em- 
ployed consisted of 270 pairs of plates, four inches square. On applying 
one pole of the battery to the forehead and the other to the heel, the 
muscles are described to liave moved with fearful activity, so that rage, 
anguish, and despair, with horrid smiles, were exhibited upon the counten- 
ance. 

781. Galvanic electricity is a powerfiil agent in effecting chemical decom- 
positions, and in its application to such purposes, it is most practically useful. 

Can gairanie Whcu a cufreut of galvaoic electricity is 
fiS^'^chLi^ ^ade to pass through a compound conducting 
decomposition? gubstauce, its tendency is to decompose and 
separate it into its constitnent parts. 
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H<nr tUKf v»- 
ter be decom- 



FlO. 342. 




Thttfl, water u c o mposed of twogasee^ ozygea and hydro- 
gen united together. When the wires ooiinecting the polee 
of a galvanic battery are placed in water, and a Boffidiratly 
atrtmg current made to pass through them, the water is decomposed, the 
hydrogen being given out at the negative pole of the 
battery, and the oxygen at the positive pola Fig. 
342 represents a fimn of i^iparatos by w^bkh this 
experiment can be performed in a very satisfactorj 
manner. It consists of two tabes, O and H, sup- 
ported vertically in a small reservoir of water, 
and two slips of platinum, p p, which can be con- 
nected with the poles of a voltaic battery, passinp^ 
in at the open end of the tubes. When communi- 
cation is effected between the platinum slips ^id a 
batteiy in action, gas rapidly rises in eadi tobe and 
collects in the upper part In that tube which is m 
connection with the i>ositive pole of the battery oxygen accumulates, and iu 
the other hydrogen. And it will be noticed that the quantity of the latter is 
equal to twice the quantity of the fcmner gas, since water contains by voIuzko 
twice as much hydrogen as it does oxygen. 

The explanation of this phenomenon may be briefly girca 
as follows : — All atoms of matter are regaided as originally 
charged with either positive or n^ative electridty. In tho 
caso of water, hydrogen is the electro-positiyo element and 
oxygen the electro-negativo element It has been akeady 
shown that bodies in opposite electrical states are attracted by each other, 
llence, when the poles of a galvanic battery are immersed in water, tho nega- 
tive polo will attract the positive hydrogen, and the positive pole the negative 
oxygen. If tho attractive force of the two electricities generated by the bat- 
tery is greater than the attractive force which unites the two elements, oxygen 
and hydrogen, together in the water, the compound will be decomposed. Upon 
the same principle other compound substances may bo decomposed, by cm* 
ploying a greater or less amount of electricity. In this way Sir Humphrey 
Davy made the discovery that potash, soda, lime, and other bodies, were noC 
simple in their nature, as had previously been supposed, but compounds of a 
metal with oxygen. 

'782. Recent experiments have shown that the electricitr 
which decomposes, and that which is evolved by tho decom- 
position of a certain quantity of matter, are alike. Thus, water 
is composed of oxygen and hydrogen ; now, if the electricisl 
power which holds a grain of water in combination, or whicli 
causes a giein of oxygen and hydrogen to unite in the right proportions 
to form water, could be collected and thrown into a voltaic current^ it 
would be exactly the quantity required to produce tho decomposition 
of a grain of water or the liberation of its elements, oxygen and hy- 
drogen. 
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wbat Is fttt "^SS. For convenience in certain experi- 
EtectrodeT ments, the ends of the copper wires connect- 
ing the poles of the galvanic battery are frequently 
terminated with thin strips of platinum, which are called 
[Electrodes. The platinum slip connected with the posi- 
tive pole forms the positive electrode, and that with the 
negative pole, the negative electrode. 

riatinum is used for the reason, that in employing the battery for effecting 
decompositions, it is frequently necessary to immerse the ends of the con- 
ducting wires in corrosive liquids, and this metal generally is not affected by 
them. 

wiiat is Eiec- 784 Electro-mctallurgy, or electrotyping, is 
tro-meuumgyf ^YiB art or proccss of depositing, from a metal- 
He solution, through the agency of galvanic electricity, a 
coating or film of metal upon some other substance.^ 
rpon what is The process is based on the fact, that when 
bMedf ^'****^ * galvanic current is passed through a solu- 
tion of some metal, as of sulphate of copper 
(sulphuric acid and oxyde of copper), decomposition takes 
place ; the tiietM; is separated in a metallic state, and 
attaches itself to the negative pole, or to any substance 
that may be attached to the negative pole ; while the 
oxygen or other substance before in combination with the 
uietal, goes to, and is deposited on the positive pole. 

In this way a medal, a wood-engraving, or a plaster cast, if attached to the 
negative pole of a battery, and placed in a solution of copper opposite to the 
positive pole, will be covered with a coating of copper ; if the solution con- 
tains gold or silver instead of copper, the substance will be covered with a 
coating of gold or silver in the place of copper. 

The thickness of the deposit, providing the supply of 
the metallic solution be kept constant, will depend on the 
length of time the object is exposed to the influence of the 
battery. 

In this way, a coating of gold thinner than the thinnest gold-leaf can be 
laid on, or it may be made several inches or feet in thickness, if desired. 

The usual arrangement for conducting the electrotype process is represented 

* The general name of electro-metallurgy inclades all the vartoai processes and resuIUi 
which different inrentors and manufacturers have designated as galfano-plastie, electro- 
pUstic, galTano-type, electro-typing, and electro-platiog and gilding. 
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bj Fig. 343. It consists of a troagh of wood, or an earthen Tessel, oontaiiung 
the solution, the decomposition of which is desired — ^for example, salphate of 
copper. Two wires, one connected with the positive, and the other with the 
negative pole of a batteiy, Q. are extended akmg the top of the trough, and 
supported on rods of dry wood, B and D. The medal, or other article to be 
coated, is attached to the negative wire, and a plate of metallic copper to the 
positive wire. When both of these are immersed in the liquid, the action 
commences — ^the sulphate of copper is decomposed — the copper being de- 
posited on the medal, and the liberated oxygen on the copper plate. As tbo 
withdrawal of the metal fh>m the solution goes on, the copper plate attached 
to the positive pole undergoes corrosion by the sulphuric add which Is liber- 
ated and attracted to it, and sulphate of copper is formed. This, dissolving in 
the liquid, maintains it at a constant strength. When the operator judges 
that the deposit on the medal is sufiBciently thick, he removes it from the 
trough, and detaches the ooatmg. The deposit is prevented from adhering to 
the medal by rubbing its surface in the firat instance with oil, or black-lead, 
and if it is desired that any part of the sur&ce should be left uncoated, that 
portion is covered with wax, or some other non-oondactor. 

riQ. 343. 




In this way a most perfect reversed copy of the medal is obtained, «— that is^ 
the elevations and depressions of the original are reversed in the copy. To 
obtain a fao-simile of the original, the electrotype cast is subjected to a repe- 
tition of the process. 

In general, it is found more convenient to mold the object to bo repro- 
duced in wax, or Plaster of Paris. The surface of this cast is then brushed 
over with black-lead to render it a conductor, and the metal deposited directly 
upon it. The deposit obtained will then exactly resemble the original ob- 
ject 

The pages and engravings in the book before the reader are illustrations of 
the perfection and practical application of the electrotype process. The en- 
gravings were first cut upon wood-blocks, and then, with the ordinary type, 
formed into pages. Casts of the whole in wax were next made, and an elec- 
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trotype ooating of copper depoeited upon them, and from the copper plates 
8o formed the bode was printed. The great adrantage of this is, that the 
copper being harder than the ordinary type metal, is more durable, and re- 
sists t^ wear of printing from its surface for a longer period. 
n has th "^^ improvement effected by electro-metallurgy in engrav- 

dectrotype ing 18 very great When a copper plate is engraved, and im- 

t^^^f^^ pressiona printed oflF from it, only the first few, called " proof 
impressions," possess the fineness of the engraver's delineation. 
The plate rapidly wears and becomes deteriorated. But by the electrotyp o 
process, the original plate can at once be multiplied into a great many plnto^ 
as good as itself and an unlimited number of the finest impressions pro- 
cured. 

In this way the map plates of the Coast Survey of the United States, some 
of which require the labor of the engraver for years, and cost thousands of 
dollars, are reproduced-— the original plate being never printed from. 

One of the simplest illustrations of metallic deposit by electro-chemical ac- 
tion 18 afforded by the following experiment : — ^Put a piece of silver in a glass 
containing a solution of sulphate of copper, and into the same glass insert a 
piece of zina No change will take place in either metal so long as they are kept 
apart ; but as soon as they touch, the copper will be deposited upon the sil- 
ver, and if it be allowed to remain, the part immersed will be completely 
covered with copper, which will adhere so firmly that mere rubbing alone will 
not remove it 

Hoir does the 785. When two metals which are positive 
meS. '''affJ!^? ^nd xicgative in their electrical relations to 
their durawuty? ^^^j^ other, are brought in contact, a galvanic 
action takes place which promotes chemical change in the 
positive metal, but opposes it in the negative metal. 

Thus, when sheets of zinc and copper unmersed in diluto 
trations of this acid touch each other, the zinc oxydizes or rusts more, and the 
principle? copper less rapidly, than without contact Iron nails, if used 

in fastemng copper sheathing to vessels, rust much quicker than when in other 
situations, not in contact with the copper. The reason is, that the contact of 
the two metals excites galvanic action, which causes the iron to rust speedily, 
but protects the copper. 

What is gal- What is called galvanized iron, is iron cov- 
▼anizediron? ^^^^ entirely, or in part, with a coating of 
zinc. The galvanic action between the two oxydizes the 
zinc, but protects the iron from rust. 

Copper, when immersed in sea-water, rapidly wastes by the 
2Sitt*topS. chemical action of the oxygen dissolved in sea-water; but if 
tectthe sheath- n i)e brought in contact with zinc, or some metal that is more 
frfm^rroltent electro-positive than itsel? the zinc will undergo a rapid 
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dumge^ and the copper win be preseiTed. Sir Humphrey Darf attempted to 
apply tius principle to the protection of the copper sheafhmg of sMpa^ bj 
placing at intervals over the copper small strips of zinc. The experiment 
was tried, and a piece of zinc as large as a pea was fomid adequate to pre- 
serve forty or fifty square inches of copper f and this wherever it was placed, 
whether at the top^ bottom, or middle of the sheet, or imder whatever form 
it was Tsed. The value of the application was, however, neutralized hy a 
consequence which had not been foreseen. The protected copper bottom 
rapidly acquired a coating of sea-weeds and shell-fish, whose fiiction on the 
water became a seriooa resistance to the motion of the vessel, and it was dis- 
covered that the bitter, poisonous taste of the copper sur&ce, when corroded, 
acted in prevenfing the adhesion of living objecta The principle, however, 
has been applied with soooeas to protect the iron pans used in evaporating 
MA-wator. 



CHAPTER XVII. 

THERMO-BLBOTEIOITT. 

What !« Therw 786. If two dissiiiiikr metallic bars be sol- 
moHdeetzieityf ^QxeA together, and heated at the point of 
junction, an electric current will circulate through them^ 
and may be carried off by connection with any good con- 
ductor. Electricity thus generated or developed is called 
Thermo-electricity. 

Thusj if two burs, one of German silver and the other of brassy as repre* 
■ented in Fig. 344 (the dark one being the brass), be heated at their juncticK:^ 
Fkl 344. •^ electric current will flow in the direction of the 

arrows irom the Qerman silver to the brass. 

Different degrees of temperature, also, in the same 
metal, will occasion an electric current to flow &aak 
the colder to the warmer portions. 

The properties of thermo-electricity 
are the same as those of ordinary electricity. 

The metals best adapted for showing its effects are 
German silver, bismuth, brass, iron, and antimony. 

„ _ ^. Thermo-electric batteries of considerable power may be con- 

ino-electxie bat- fltructed by combmmg together alteinate plates of Grerman silver 
itrortedr '^**' ^^ brass, or bismuth and antimony, thick cards of pasteboard 
being so placed between the plates, that a contact of the 
metals is prevented, except at the ends. Such a battery, represented by Fig. 
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845, may be made to develop electricity hj heating Fia 345. 

on© end of the bundle, or pile of plates. 

By binding together two bars of bismuth and 
antimony, an electric cuirent can be proved to circu- 
late with the slightest variation of temperature. 

A scries of slender bars of these two metals, ar- 
ranged as a thermo-electric battezy, is far more sen' 
Bitive to heat than the most delicate thermometer ; 
so that the heat radiated from the hand brought near 
to one end of the battery is sufficient to excite an appreciable amount of elec- 
tricity. 

Pig. 346 represents the construction of such a battery. It consists of thirty- 




Fig. 346. 



^'^IB 



six delicate bars of bismuth and antimony, 
alternately connected at their extremities 
and packed in a case, the ends of which 
are removed in the figure to show tho 

Y^ — bars. The area of such a battery is not 

f\ quite one half an inch. A represents a 

f I conical reflector, used to concentrate rays 

of heat in experimenting. 
It has been also found that when hot water mixes with cold water, that 
electricity is produced ; the hot liquor being positive and the cold negative. 




CHAPTER XVIII. 



MAGNETISM. 



What is ft nftt> 



787. A NATURAL magnet, sometimes called 
a loadstone, is an ore of iron, known as the 
protoxyd of iron, or magnetic oxyd of iron, which is ca- 
pable of attracting other pieces of iron to itself. 

y, „ - - Natural magnets are by no means rare ; they 

are found in many places in the United States, 

and in Arkansas, especially, an ore of iron pes- 

^^^j^^l^ I sessing remarkably strong attractive powers is 

>^f^^^^^^^^^^^^ very abundant 

jK/^B^^^^^^MffST ^® magnetic ore is usually of a dark color, 

M^^^Hi^^^iy^ and possesses but little metallic luster. I! a 

'l\\ 1 v^ piece of this ore be dipped in iron filings, or 

brought in contact with a number of small 

18* 
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needlofl^ they will adhere to the extremities of the magnet^ as is represented 
in Fig. 347. 

Can » BiAgnet When a natural magnet is brought near to, 
ite^'S^^Sf or in contact with a piece of soft iron or steel, 
it communicates its attractive properties, and 
renders the iron a magnet. In doing so, it loses none of 
its original attractive influence. 

wiuitaroapti. ^ars of irou or steel which by contact with 
ficiaimagflStsf natural magnets, or by other methods, have 
acquired magnetic properties, are termed artificial magnets. 

For an practical purposes, artificial magnets are used in preference to nat- 
ural magnets, and can be made more powerful 

The attractive force of magnets has received 

meaning of the tho name of MAGNETIC FOBCE, and that de- 
force and mtg- partment of science which treats of magnets 
and their properties is denominated Mag- 
netism. 

This designation must not be confounded with Animal Magnetism, a term 
which has been adopted to designate a certain influence which one person 
may exercise over another by means of the wilL 

tm. * .,. 788. The attractive power of the magnet is 

What are the ,.«• , ./. -i ^ /» .^ 

poles of a mag- not diffused Uniformly over every part oi its 
surface, but resides principally at opposite 
points or extremities of its surface. These points are 
termed poles. 

Between the regions of greatest attraction, a point may 
be found where the attractive influence wholly disappears. 

When a bar magnet is rolled in iron filings, the filings attach themselves 
to the magnet in the manner represented in Fig. 348, and in this Way clearly 
indicate the location of the magnetic ibrce. 

FiGk 348. 




In a steel magnet, the actual poles, or points of greatest magnetite intensity, 
are not exactly at the ends, but at a distance of about one tenth of an inch 
from 43ach extremity. 
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In what poBi- 789. When a magnet is supported in such 
net°Seiy"!Sl ^ ^^7 ^^ *o ^^^6 freely, it will rest only in 
pendedrest? q^^ positiou, viz., with its polcs, or extremi- 
ties directed nearly north and south. 

If drawn aside from this position, it will continue to 
vibrate backward and forward, until it again rests in the 
same position. 

What are the ^^® V^)^} ^^ cxtrcmity of the magnet that 
north and south constantlv poiuts toward the north, is called 

poles of a xnago •/ it ? 

netr the North Pole, and the one that points to- 

ward the south, the South Pole of the magnet. 

790. That property of a magnet which will 
nS?* poiSity cause it, when suspended freely, to constantly 
power? '^^^ turn the same part toward the north pole, 
and the opposite part toward the south pole 
of the earth, is termed magnetic polarity, or directive 
power. 

whenisamag. Whcu a maguct, being free to move, places 
net said to tra- itsclf after dcflection in a nearly north and 

verse? , ^ 

south line, it is said to traverse. 

The attractive force of the loadstone, or natural magnet, can not be consid- 
ered as of any great amount. Katlve magnets, in their rude state, will sel- 
dom lift their own weight, and, with some rare exceptions, their power is 
limited to a few pounds. 

, _ . ^ 791. When two bodies possessing magnetic 

What is the ^. , _ ^ • . T •.! 

general law of propcrtics are brought near, or m contact with 
tractions and cach othcr, thc like poles will repel, and the 

repulsioiis? ■..<■ - - 

unlike attract each other. 
Thus, the north or the south poles of two magnets re- 
pel each other ; but the north pole of the one will attract 
the south pole of the other. 

In irhat sub ^^^' Maguctism may be excited most read- 
Btanees may fly iu irou and stccl. lu stccl the magnetic 

magnetism he*'.^ -i-ii • a 

mosteasuyex- property, when induced, remams permanent; 
but soft iron loses its power as soon as it is re- 
moved from the influence of the exciting magnet. Brass, 
nickel, and cobalt may also be rendered magnetic. 
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Beoent inTestigations hare shown that the influex>oe of magnetism, which 
was once supposed to be wholly restricted to iron and its compoimds, is al- 
most as pervading and wide-extended as that of electricity. The emerald, 
the mby, and other predoms stones^ the oxygen of the air, glass, chalk, bone^ 
wood, and many other substances, are more or less susceptible to magnetic 
influence. This influence^ however, is perceptible only by the nicest tests, 
and under peculiar circumstances. 

^ ^ , Artificial ma^ets of iron or steel may be of any required 

In what form _ i. , ^ j- • -n J -^ 

are artMciia form, or of almost any dmiensiona. For general purposes, 
magrota ^ con- ^^ ^re limited to straight bars. 

When a ^Heoe of iron not niiagnetic is brought m contact 
with a common magnet^ it will be attracted by either 
pole ; but the most powerful attraction takes place when 
both poles oan be applied to the surface of t2ie piece of 
iron at once. The magnetic bars are for this purpose 
bent somewhat into the shape of the letter U, and are 
termed horse-shoe magnets. 

Several of these are frequently joined together with 
their similar poles in contact ; they then constitute a 
compound magnet, and are yeiy powerful, either for 
lifting weights or chargmg other magnets. 

For the purpose of distinguishing between the two 
poles of an artificial magnet, the end of the bar which is designated as the 
north pole is generally marked with a + or with the letter K. 

ifwe break an ^^ "^^ break a magnet across the middle, 
5e?,*^hat"?ll ^^^ fragment becomes converted into a per- 
curs? fe^j^ magnet; the part which originally had a 

north pole acquires a south pole at the fractured end, and 
the part which originally had a south pole, gets a north pole. 

Thus, if the bar N S, Fig. 350, be 
broken in the center, each of the fractured 
ends will exhibit a polar state, as perfect 
as the entire magnet; the fractional end« j^ 
becoming a south and » a north pole, al- 
though at this middle point, where n and 
8 join, no magnetism could, before the breaking, have been detected. 

If we divide up a magnet to the extreme degree of mechanical &ienes9 
possible, each particle, however small, will be a perfect magnet. 

The properties of a magnet are not at all affected by 
the presence or absence of air ; but its influence is as 
great in a vacuum as in any other situation. 

Heat weakens the power of a magnet, and a white heat 
destroys it entirely. 
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Where does the 
magnetic power 
of a body re- 
Bide? 

Hoir may steel 
be rendered 

magnetic? 



Jlow is soft 
iron magnet- 
ized? 

May iron be 
rendered mag- 
netic by indnc- 
tion? 



793. The magnetic power of an iron or steel 
magnet appears to reside wholly upon the sur- 
face, and to circulate about it. 

To render a bar of steel magnetic, the north 
pole of a magnet is placed on the center of a 
bar of steel and repeatedly drawn over it toward one ex- 
tremity ; the other half is subjected to a similar treat- 
ment with the south pole of the magnet ; the bar is thus 
rendered magnetic, ftnd only loses this property when 
strongly heated. 

A bar of soft iron becomes magnetic by sim- 
ple contact with a magnet, but the effect, as 
before stated, is not permanent. 

It is not necessary that absolute contact 
should take place between a bar of soft iron 
and a magnet, in order to render the iron 
magnetic ; but whenever a magnet is brought near to a 
piece of iron in any shape, the latter is rendered magnetic 
by the influence of the former. To this phenomenon the 
name of induction has been given, and the distance through 
which this effect can take place is called the magnetic at- 
mosphere. 

Thus, let a bar of soft iroD, B, as in Fig. 351, be 
brought near to a magnet, M, whose poles, north and 
south, are indicated by N and S. By induction, the 
bar will bo rendered magnetic, the end of the bar to- 
ward the north pole of the magnet constituting its 
south pole, and the other end the north pole. 

In sdl cases, where either pole of a magnet is brought 
near to, or in contact with bodies capable of acquiring 
X magnetism, the part which is nearest to tho pole of 

the magnet acquires a polarity oppomte, while the re- 
mote extremity becomes a pole of the same kind ; hence the attraction of a 
magnet for iron, is simply the attraction of one pole of a magnet for the oppo- 
sito pole of another. 

Tioyr may the ^® general effect of magnetization by induction may be 
phenomena of dearly exhibited by bringing a powerful magnet near to a 
du^on be ex- pi®ce of soft iron, as a large key, when it will be found that 
hibited ? the large Jcey will support seyeril smaller ones; but as sooQ 

as the body indoding the magnetic action is lemoved, they all drop o£ 
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What are lUof- 
traUoDS of 
magnetiam In- 
daeed br the 
•arthf 



Can the earth Magnetism may be also induced in a bar of 
indace magnet- iron bv the actlon of the earth. 

Most iron bars and rails, as the vertical bars 
of windows, that have stood for a considerable time in a 
perpendicular position, will be found to be magnetic. 

If we suspend a bar of soft iion soffidentlj long in the air, it 
will gradually become magnetic; and although when it is first 
suspended it points indifferently in any direction, it will at 
last point north and south. 
If a bar of iron, sach as a kitchen poker, which has been 
found to be devoid of magnetism, is placed with one end on the ground, 
slightly inclined toward the north, and then struck one smart blow with a 
hammer upon the upper end it will acquire polarity, and exhibit the attractive 
and repellent properties of a magnet. 

Doea magnetio Magnetic attraction can be made to exert 
tend**thioagh i*s influence through glass, paper, and solid 
other bodioaf ^^^ liquid substances generally which are not 
capable of acquiring magnetic influence in the ordinary 
manner. 

If a hone-shoe magnet be placed under- 
neath a sheet of paper which has iron 
filings sprinkled over its sur&ce, the fil- 
ings, upon the approach of the magnet, 
will arrange themselves in great regularity 
in lines diverging from the poles of the 
magnet, in curves, and extending from 
the one pole to the other, as is repre- 
sented in Fig. 352. The numerous frag- 
ments of iron, being rendered magnets by 
induction, have their unlike poles fronting 
each other, and they therefore attract ono 
another, and adhere in the direction of their polarities, forming what are termed 
magnetic curves. 

If a plate of iron is caused to intervene between the magnet and tho under 
surface of the paper, the magnetic influence is almost entir^y cut off. 

Do artifieiai ^94. Magucts, if left to themselves, gradu- 
SeS?*^roJS! ^7i and in a space of time varying with tho 
**"' hardness of the metal composing them, lose 

their magnetic properties, from the recombination of their 
separate fluids. 

This is prevented by keeping their poles united by 
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What is an fficaiis of a soft iron bar called an Armature, 

Armaturef represented at A, Fig. 349. 

This becoming magnetic by induction, reacts upon the 
magnetism in the poles of the magnetic bar, and tends to 
increase rather than diminish their intensity. 
What is the The lifting or sustaining power of magnets 
fiSiSU^'S?; varies very materially. The most powerful 
that we are acquainted with are capable of 
sustaining twenty-six times their own weight. 
Hoir does the The law of magnetic attraction and repul- 
netica?4aS?n siou is the samc as that of gravitation ; that 
•n^ wpuision jg^ thcsc forccs increasc in the same proportion 
as the square of the distance from the center 
of attraction or repulsion diminishes. 

Accordlcc to ^^^' "^^^ various phenomena of magnetism hare been ao- 
▼hat theory are Counted for by supposing that all bodies susceptible of magnet- 
nSSS^ ^a^ "*™ *^ pervaded by a subtle imponderable fluid, which is com- 
counted for? pound in its nature, and consists of two elements, one called 
the austral, or southern magnetism, and the other the boreal, 
or northern magnetism. Each of these, like positive and n^;ative electrici- 
ties^ repel their own kind, and attract the opposite kind. 

When a body pervaded by the compound fluid is in its natural state and 
not magnetic, the two fluids are in combination and neutralize each other. 
When a body is magnetic, &e fluid which pervades it is decomposed, the austral 
fluid being directed to one extremity of the body, and the boreal to the other. 

Iron and steel are easily rendered magnetic, because the fluids which per- 
vade them can be easily decomposed by the action of other magnets. In 
iron, the separation of the two kinds of magnetism may be easily, but only 
transitorily effected. The magnet, therefore, attracts it powerfully, convert- 
ing it, however, into only a temporary magnet. In steel, the two kinds of 
magnetism are not so easily separated ; hence the latter is but slightly at- 
tracted by the most powei^ magnets. When once effected, however, the 
separation is permanent^ and the steel becomes a perfect magnet 

As, according to this theory, the act of rendering a body magnetic consists 
simply in decomposing a fluid pervading it, we can easily understand how, 
by means of one artificial magnet, an infinite number of other magnets may 
be made, without the former losing any of its magnetic properties. 

y^^, i3 a 796. The Magnetic Needle (Fig. 353) is 

Hagneuc Nee- gimpiy a fear of stccl, which is a magnet, bal- 
anced upon a pivot in such a way that it can 
turn freely in a horizontal direction. 
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Fro. 363. Such a needle, when properly balanced, will he 

ohserred to vibrate more or less, until it settles in 
such a direction that one of its extremitiea, or 
poles, points toward the north, and the other to- 
ward the south. If the position of the needle bo 
altered or reversed, it will always turn and vibrato 
again until its poles have attained the same direc- 
tion as before. 

It is this remarkable property of a magnetized 
steel bar, of always assuming a definite direction, 

that renders the compass of such value to the mariner, the engineer, and the 

traveler. 

The ordinary compass consists of a mag- 
netic needle, or bar balanced upon a pivot, and 
inclosed within a shallow box, or metallic case. Upon 
the bottom of the box is a circular card with the chief, or 
cardinal points of the horizon, north, south, east, west, 
marked upon it. 

Fig. 354 represents the form and construction of the ordinary, or land com* 
paB& The term compass is derived fix>m the card, which compasses, or vhf 
vohfes, as it were, the whole plane of the horizon. 

FlCK35i. 



What if A 
Compass f 




What is the 
construction of 
the Sea, or 
Mariner^sGoni' 
pass? 



In the Sea, or lif ariner*8 Compass, the needle is attached to 
the under side of the card, in such a way that both traverse 
together — the needle itself being out of sight Upon the 
surface of the card is engraved a radiating diagram, dividing 
the whole drcle of the horizon into thirty-two parts, called 
points. The compass-box is supported by means of two concentric hoops, 
called gimbals* These are so ^daced as to cross each other, and support the 
box immediately in the center of the two ; so that whichever way the vessel 
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may roll op lorchj the card is al- FKk 366. 

ways in a horizontal position, 
an4 is certain to point the trae 
direction of the head of the ship. 
Fig. 355 represents the construc- 
tion and moontmg of the Sea 
Compass. 

Wliat isa Dip. •9** ^ * 

piag Needle? gimple bW 

of unmagnetized steel, 
or an ordinary needle 
be suspended from a 
center, instead of being balanced upon a pivot beneath 
it, it will hang hoiizontallj, and manifest no inclination 
to dip from a horizontal line, either 
on one side or the other of the cen- 
ter of suspension. But if the bar, 
or needle, be made a magnet, it 
will no longer lie in a horizontal 
direction, but one pole will incline 
downward and the other upward ; 
the inclination in this latitude to 
the horizon being about 70^ 

Such arrangement is called a 
Dipping Needle. 

Pig. 356. represents the constniction and 
appearance of the dipping needle, 
noesthemaf. 798. AlthoUgh thc 

5Sintdu?Sorth magnetic needle is said 
and south. iq point north and south, accurate observations 
have shown that it does not point exactly north and south 
except in a few restricted positions upon the earth's surface. 
What SB the 799. The direction assumed by a horizontal 

magnetic merid- j, . . , xi_ ^"l* 

ian? needle m any given place upon the earths 

surface, is called the magnetic meridian. 

What is a ter- "^ terrestrial meridian, it will be remembered, is a great cir- 
rostrial merid- cle, supposed to be drawn around the earth, passing through 
****' both poles, and any given place upon its surface, and inter- 

sectmg the equator at right angles. (See § 68, Fig. 6, page 36.) The direction 
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of a needle which would point doe norUi and south at any plMe^ win be 
the tnie^ or tenreetrial meridian of that place. 

What is the The deviation of the needle from the true 
SdiSS?o?^ i^or*^ and south, or the angle formed by the 
the needle? magnetic meridian and the terrestrial merid- 
ian, is called the variation, or declination of the needle. 
What are the Thcro arc two lincs upon the earth's sur- 
^^ of Tarto- face, aloug which the needle does not vary, but 
points to the true north and south. These 
lines are caUed the eastern and western lines of no varia- 
tion, and are exceedingly irregular and changeable. 

Their position is as follows: — ^The western line of no yariataon begins in 
latitude 60^, to the west of Hudson's Bay, passes in a south direction through 
the American lakea^ to the West Indies and the extreme eastern point of 
South America. The eastern line of no yariation begins on the north in the 
"Wliite Sea^ makes a great semicircle, descending south, until it reaches the 
latitude <^ 11^; it then passes along the Sea of Japan, and goes westward 
across China and Hmdoostan to Bombaj ; it then bends east) touches Australia^ 
and goes south. 

In proceeding in either direction, east or west fixnn the lines of no yaria- 
tion, the declination of the needle graduallj increases, and becomes a max- 
imum at a certain intermediate point, between them. On the west of the 
eastern line the declination is west; on the east it is east 

At Boston, in the United States, the declination of the needle is about 6^^ 
west; in England it is about 24° west; in Greenland, 50^ west; at St Peters- 
burg, Q^ west 

How !s the di- ^^^' "^ *^® directiye property of the magnetic needle is 
reetiTe power obseryed eyerjwhere in all parts of the world, on all seas, on 
aoo(£stedribrf ^® loftiest summits of mountaina^ and ui the deepest mines, 
it is eyident that there must be a magnetic foroe which acts 
at all points of the earth's surface, since magnetic needles can no more take 
up a direction of themselves than a body can acquire motion of itself To 
explam these phenomena, the earth itself is considered to be a great magnet^ 
and the points toward which the magnetic needle constantiy turns are called 
the magnetic poles of the earth. These poles, by reason of their attractive 
influence, give to the needle its directive power. 

Where are the "^^ ^^^ P^®* ^ *^® ^^^^^ terrestrial magnet whidi aro 
magnetic poles situated in the vicinity of the poles of the earth^s axis, are 
situated ? termed respectively the magnetic north pole and the magnetic 

south pole. These contraiy poles attract each other, and thus a magnetic 
needle will turn its south pole to the nortii, and its north pole to the south. 
Hence, what we generally call the north pole of a needle is in reality its 
south pole, and its south pole is its north pole. 
The exact podtion of the northern magnetic pole is about 19^ from the north 
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dipping needle 
vary? 



pole of the earth, in the direction of Hudson*s Bay. It was visited by Sir J. 
Ross in 1832, in his voyage of Arctic discovery. The south magnetic pole is 
situated in the antarctic oontment, and has been approached within 170 miles* 

If a compass ^^ ^^^^ Ordinary compass be carried to either 
ri^tthJ^g: ^^ *^® magnetic poles, it wiU lose its power 
^m*l>?ci?r*^ ?^* P^^^ indifferently in any direction. If it 
is carried beyond the magnetic pole, to any 
point between it and the true pole, the poles of the need 13 
become reversed, the end called the north pole pointing to 
th© south, and the south to the north. 

How does tbe ^^® position assumed by the dipping needle varies in dif- 
position of ti^e ferent latitudes. If it were carried directly to the north mag- 
netic pole, its south pole would be attracted downward, and 
the needle would stand perfectly upright. At the south mag- 
netic pole, its position would be exactly reversed. If the dipping needle be 
taken to the equator of the earth, or to a point midway between the north 
and south magnetic poles, it will be attracted equally by both, and will re- 
main periectly horizontal, or cease to dip at 
all ; as we go north or south, however, it dips 
more and more, until at the magnetic poles, 
as before stated, it becomes perpendicular— « 
the end which was uppermost at the north 
bemg the lowest at the south.f 
. Fig. 357 represents the position assumed 
] by the magnetic needle in various latitudes. 
I^e magnetic poles of the earth are not 
stationary, but change their position grad- 
ually during long intervals of time. 

Observations on the temperature of the 
earth have afforded some reason for believ- 

* It is generaUy eonsidend that there are two magnetic poles, or tiro points of greatest 
magnetic intensity in each hemisphere. However this may be, it is certain that the 
magnetic pole of the earth indicated by the horizontal needle, and that indicated by the 
dipping needle, do not entirely correspond. A discussion of these differences is not con- 
sidered essential in an e]ementar7 work. 

t As the directive tendency of the horizontal needle arises £rom its poles being attracted 
by those of the earth, it is evident from the rotundity of the earth, that Its poles will not 
be attracted by those of the earth horizontally, but downward, so that the needle can not 
tend to be horizontal, except when it is acted upon by both poles equally— that is, when 
midway between them. When nearer the north magnetic pole than the sonth, its north 
end must be attracted downward, and the contrary when it is nearest the south pole. 
Accordingly, a needle which was accurately balanced on its support before being mag- 
netized, will no longer balance itself when magnetized, but in this country its north pole 
will appear to dip, or appear to be the heavier end. This drcumstanee has to be corrected 
in ships* compasses by a small sliding weight attached to the southern half, which weight 
has to be removed on approaching Uie equator, and shifted to the other side of the needle 
when in the northern hemisphere. 
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ing, that the points upon the earth's snr&oe where the greatest degree of cold 
is experienced, or where the yearly mean of the thermometer is lowest^ 
coincides with the location of the magnetic poles. 

What iB the 801. Beside the variation jfrom the true 
tio"ir*if^*tiK north and south, the magnetic needle is sub- 
neediet j^ct to a ditumal variation. This movement, 

or variation, commences about seven in the morning, when 
the north end of the needle begins to deviate toward the 
west ; it reaches its maximum deviation about two o'clock 
in the afternoon, when it begins to return slowly to its 
original position. 

The magnetic needle is subject also to an annual movement, and a move- 
ment different in the winter months from that noticed in the summer month& 

What is the '^fa® daily, monthly, and yearly variations 
StffjSiSSSi ^^ *^® needle are supposed to be occasioned by 
Se^^iet ^ variations in the temperature of the earth's 
surface, depending upon the changes in the 
position and action of the sun. 

Observations made Ibr a great number of years seem to show that the en- 
tire magnetic condition of the earth is subject to a periodical change, but 
neither the cause or the laws of this change are as yet understood. 

The variations of the needle, except in the vicinity of 
the poles, are not sufficient to affect its general accuracy, 
and for all the ordinary purposes of the wand^er upon the 
ocean, the desert, or the wilderness, it may be considered 
as free from error ; for more accurate purposes it is neces- 
sary to apply a rule of corrections. 

The variation of the magnetic needle from the true north and south, is said 
to have been first noticed by Columbus in his first voyage of discoveiy; It 
was also observed by his sailors, who were alarmed at the tact, and urged it 
as a reason why he should tarn back. 

When was the ^hc compass is claimed to have been dis- 
S™e?^? ^ covered by the Chinese: it was, however, 
known in Europe, and used in the Mediterra- 
nean, in the thirteenth century. The compasses of that 
time were merely pieces of loadstone fixed to a cork, which 
floated on the surface of water. 

802. The resemblance between magnetism and electricity is very striking, 
and there are good reasons for believing that both are but modifications of 
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one force. Both are sui^pofled to consist of two fluids^ which repel Iheir own 
kind, and attract the opposite. The fluid in both cases is supposed to reside 
upon the sur&ce of bodies; the laws of induction in both are the same ; and 
both can be made to ezdte or develop the other. 



CHAPTER XIX- 

BLBOTRO-MAGNBTISM. 



TThatiBEiec- 803. Magnetism developed through the 
teo-magnetisinf agency of electiical or chemical action, is 
termed Electro-magnetism. 

Among the earliest phenomena obserred which indicated a connection be- 
tween magnetism and electricityi it was noticed that ships* compasses have 
their directiye power impaired by lightningi and that sewing-needles are ren- 
dered magnetic by electric discharges passed through them. 
What ff t la ^ ^^^^» * discovery was made by Professor Oersted of 
produced when Denmark, which established beyond a doubt the connection 
diTifhrought ^^ electricity and magnetism. He ascertamed that a mag- 
near a conduct* netic needle brought near to a wire, through which an electric 
ng wire? cuiTOnt was collating, was compelled to change its natural 

direction, and that the new direction it assumed was determined by its position in 
relation to the wire and to the direction of the current transmitted along the wire. 

Further experiments developed the following law: — 

In what direc Elcctric ciUTents cxcrt a magnetic influence 
^?rentl^SS? »* ^S^^ a^gl^s with thc direction of their flow, 
theirinfluencef ^q^ ^j^^^ fj^Qj q^q^ ^^q^ ^ magnetic necdlo 

Pig. 358. they tend to cause the needle 

U ^ '""^ A to assume a position at right 

angles to the direction of the 
current. 

Thus, suppose an electric current to 
pass on the wire A B, Fig. 358, in tho 
direction of the arrow ; suppose a mag- 
netic needle, K S) to be placed directly 
under the wire and parallel to it. By 
the action of the electric current flowing 
in the direction A B, the needle is caused 
to move fix)m its north and south posi- 
tion and turn round, and if the current 
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]8 Boilkslently strong, it wOl place itself at right ao^^es wiiii theirisB^ as is 

represented in the figore. 

If the canrent, howerer, had passed in the same direction below the needle^ 
instead of above it as in the first instance^ the deflection <^the needle would 
hare taken place as before, but in an opposite direction, the pole S standing 
where the pole N did previously, and N also in the place of S. 

In like manner, if the needle be placed by the side of the wire, a like effect 
will be produced; on one side it dips down, and on the other it rises up; and 
Ft 359 ^ whatever other position the needle may be 

^' ' placed, it will always tend to set itself at ri^t 

angles to the current If the wire be bent in 
the form of a rectangle, as is represented in Fig. 
359, so as to carry the current around the 
needle, above and below it in opposite direc- 
tions, the opposite currents^ instead of neu* 
tralizing, will assist each other, and the needle 
win move in accordance with the first direction of the current 

If the Tnre, histead of making a single torn, is bent mtaxy times around the 
needle, the magnetic force excited by the current of electricity traversing the 
wire, will be greatly increased, the increase being, within ocrtain limits^ pro- 
portional to the number of turns of the wire. 

BeseriiM the ^* ^ npon this principle that an instrument called the Gal- 
OaiTftnometer. vanometer, for measuring the quantity of an electric current^ 
is constructed. It consists of a rectangular coil of oof^er 
Fia. 360. wire, N B S, Fig. 360, containing about 20 

convolutions, the separate coHs being insulat- 
ed by winding the wire with silk thread. A 
magnetic needle, supported on a pivot, is 
placed in the center of the coil, and a gradu- 
~^ *-^ ated circle is fixed below it to measure the 

amount of the deflection ; the two ends of the wire connect with two cups^ 
and Z, which contain mercurjr, and into which the poles of the batteiy 
transmitting the current dip. 

Whatiithe Ai- ^ *^ ^°"° °^*^® instrument YlQt. 361. 

tatic Needle f *^® transmitted current is obliged 
to contend with the influence of 
the earth's magnetism, which tends to hold the 
tioedle in its original position, and unless the 
former is more powerfiil than the latter, the 
needle is not moved. This difficulty has been 
overcome by means of an arrangement called 
the AstaUc NeedU. This consists essentially of 
two needles fitstened together, one above the 
other, but with their poles in opposite direc- 
tional as is represented in Fig. 361. In this 
way the influence of the earth is almost entirely 
omoved, and the force of the transmitted current is rendered more effective. 
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In what man- 
ner does an 
electric current 
^xert its mag- 
netic force? 



Fia. 362. 



By means of iSie galvanometer, the most feeble traces of electridfy can be 
detected; and electric currents which would £eu1 to influence the most sensi- 
tive gold leaf electrometer can be made to affect perceptibly the magnetic 
needle. GaLvanometers are sometimes called electro-multipliers. 

804. Electricity, unlike all other motive 
forces in nature, exerts its magnetic forcQ lat- 
erally ; all other forces exerted between two 
points act in the direction of a straight line 
connecting their points, but the electric current exerts its 
magnetic influence at right angles to the direction of its 
course. 

When a magnetic pole is influenced by an electric cur- 
rent, it does not move either directly toward or directly 
from the conducting wire, but it tends to revolve about it. 

Bj the application of these facts, it has been discovered that rotatory move- 
ments can be produced by magnets around conducting wires, and conversely, 
that conducting ytirea can be made to rotate around magnets. 

The rotation of the pole of a magnet around a fixed conducting 
wire may bo shown by a piece of apparatus represented by Fig. 
362. A small magnet, N, is fixed to the lower part of a vessel, 
T, by means of a silk thread ; the vessel is filled with mercuiy 
nearly to the top of the magnet; G is a conducting wire dipping into 
the mercury, and Z is another conductor communicating with the 
mercury at the bottom of the vessel Now, when the electric 
current is established, by connecting the extremities of the wires 
C and Z with the opposite poles of the batteiy, the pole N of the 
magnet revolves round the conducting wire 0. If the current is 
descending, that is, if C be connected with the positive pole of 
the battery, and if N be a north pole, its motion round the wire will be di- 
rect, that is, in the direction of the hands of a watch; and 
so on, vice versa. 

A different arrangement, by which a movable wire tra- 
versed by a current, may be made to revolve around the 
pole of a fixed magnet^ is represented by Pig. 363. A wire, 
A B, is suspended fi*om the wire C by a loop, and dips into 
the mercury in a vessel, V ; when the circuit is established, 
by connecting and N with the respective poles of the 
battery, the conducting wire revolves around the pole N 
of the magnet. 

If the current be descending, and N be the north pole of 
the magnet, the rotation will be direct. 

On similar principles, various kinds of reciprocating and rotatory movementi 
may be produced. 
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Electro-niAg- 
net? 

What ia A 
Uclixr 



la vhftt mui- 805. If a pieco of soft iron, entirely wantmg 
Seetrteeorrraft in magnetism, be placed Tvithin a coil of wire 
dte"*^SiSiSl through which an electric current is circulat. 
*^' ing, it will be rendered intensely magnetic, bo 

long as the current continues ; but the moment the cur- 
rent ceases, the iron loses its magnetism. 

Magnets formed in this way, through the 
agency of electricity, are called Electro*mag- 
nets, and are more powerful than any others. 
The coil, or spiral line of wire used for excit- 
ing magnetism in the iron by conducting a 
current of electricity about it, is called a Helix. 

Fia. 364. ^^ ^ usually made of copper wire, coated with 

o y Bome non-conducting substance, such as silk wound 

^■■■■■■ll^n rouud it The coils of the wire are generally re- 

"^^^^^^^^ peated one over the other, until the size of the helix 

II is sufficient^ since the magnetic action of an electric 

11^ current upon a bar of iron increases to a certain ex- 

^ ' ^ tent with the number of revolutions it performs about 

ii, Hg. 364 represents the appearance of a helix. 

It is necessary for the induction of magnetism in iron 
bars by electricity, that the current should flow at right 
angles to the axis of the bars. 
What detei^ I^ ^^0 bar be steel, the magnetism thus in- 



deter- 
to poLei 
of an eleetro- 



minea the poiei ^j^qq^ ^u \yQ permanent ; and the direction in 



Fia. 365. 



magnet? which the currcut moves round the helix de- 

termines which of its extremities shall constitute its north, 
and which its south pole. 

When the cuirent circulates in the direction of the hands 
of a watch, the north pole of the bar will be at tiie fiirthest 
end of the helix. 

If a bar of soft iron, bent in the form of a horse-shoe mag- 
net, bo wound with insulated wire, as is represented in Pig. 
3G5, and a current of electricity transmitted through it, it 
becomes a most powerfiil magnet 

Electro-magnets of this character have been formed capa* 
bid of supporting more than a ton weight The magnetic 
power thus developed is wholly dependent upon the ex- 
istence of the current, and the moment it ceases the weights 
£U1 awaj b/ the action of gravity. 
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Fia 366. ^ ^^ flemiclrcular rings of soft iron be passed 'within a 
helical ring, as is represented in Fig. 366, they will become so 
strongly magnetic on passing the current of even a small 
battery, as to be separated with extreme difficulty. A rod 
of irc»L brought near to one of the extremities of a lon^tudinal 
heliz^ is not only attracted but lifted up into the center of the 
odl, where it remains suspended without contact or visible 
support, so long as the current continues m action. If the 
battery and helix be of sufficient size, a considerable weight 
may be suspended. In some experiments at the SmithsoniaTi 
Insfcitutaon at "Washingtem, a few years smce, a bar of iron 
weighing 80 pounds was raised and suspended in the air with- 
out bemg in contact with any body. 

806. Many attempts liave been made to 
take advantage of the enormous force gener- 
ated and destroyed, in an instant, by making 
or breaking an electric current, for propelling 
machinery, but thus far all efforts have failed 
to produce any practical results. 

One of the reasons why this power can not be used to advantage is, that 
the rate at which the power diminishes as we recede from the contact point 
of the magnets, prevents our obtaining the full force of the magnets. Thus, 
a magnet whose force in contact would be sufficient to raise 250 pounds, 
would exert a force of only 90 pounds at the distance of l-250th of an inch, 
and of only 40 pounds at the distance of l-50th of an inch. It is also found 
that notwithstanding the loss of power with distance, a still greater loss takes 
place with motion. The moment any magnetic body is moved in front of 
cither a permanent or an electro-magnet, it loses power, and this loss increases 
very rapidly with the increase of velocity. This obstacle stopped the prog- 
ress of the very extensive researches of Professor Jacobi, after he had c:i- 
pended upward of $120,000 granted him for his experhnents by the liber- 
ality of the Rusaan government 

807. The construction of the Morse mag- 
netic telegraph depends upon the principle, 
that a current of electricity circulating about 
a bar of soft iron temporarily renders it a 
magnet. 

The construction and method of operating the Morse telegraph may bo 
clearly understood by reference to Fig. 367, P and E are pieces of soft iron 
surrounded by coils of wire, which are connected at a and h with wires pro- 
ceeding from a galvanic battery. "When a current is transmitted from a bat- 
tery located one, two, or three hundred miles distant, as the case may be, it 
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passes along the wires^ and tbrongh the ooflfi* samxmdiiig ttio pieces of soft 
iron, F and £, thereby conrerting them into magnets. Abo^e these pieces 
of soft iron is a metallio bar, or lever, A, supported in it» center^ and haying 
at one end the arm, D, aod at the other a small steel point, o. A ribbon of 
paper, p ^ rolled on the cylindw. By is diawn slowly and sleadilj off by a 
train of dock-work, K, nxxved by the aotkm of the weight, P, on the oord, C. 
This dock- work gives moticok to two metal rollers, G and H, between which 
the ribboo of paper passes, and which, turning in opposite directional draw 
the paper from the cylinder B. The roller H has a groove around its circum- 
ference (not represented in the engraving), above whieh iho paper passes. 
The steel point o of the lever A is also directly opposite this groove. Tlio 
spring, r, prevents the point from resting upon the paper when the telegraph 
is not in operatioo. 

Ha set. 




The manner in which intelligence is communicated by these airangements 
is as follows : The pieces of soft iron, P and B, being rendered magnetic by 
the passage of a current of electricity transmitted from the batteiy through tho 
coils of wjre surrounding them, attract the metal arm D of the lever A. Tho 
end of the lover at D being depressed, the steel point o at the other extremity 
U elevated and caused to press against the paper ribbon and indent it "Wben 
I he current from the batteiy is broken or interrupted, the pieces of soft iron 
P and E being no longer magnetic, cease to attract the arm D. The lever 
A is therefore drawn back to its former position by the action of the spring fV 
and the steel point o ceases to indent the paper. By letting the current flow 

* These coils consist of very fine copper wire, some thousand* of feet being gener> 
aJly contained in them. In this way a magnet of nmU size and cveat nowvmar Ita 
obUined. ^ 
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round the magnet for a longer or shorter time a dot^ or a line is made, and 
the telegraphic alphabet consists of a series of such marks.* 

Grave's battery (see Fig. 340) is generaUy used for working the telegraph, 
about thirty cups being required for a distance of 150 mUes. These cups 
may be kept in one compact space, but operate the telegraph more success- 
fully when distributed along the line. Such batteries will work for about two 
weeks without replenishing. 

Formerly two wires were required in telegraphing; one 

conveyed the oocreat from ihe battery to Ike electro-magnet, 

at a difltaaoe^ through which it passed, and then returned by 

another wire back to the battery. At present but one wire is 

generally used. It was found that the earth itself might be 

made to perform tiie function of the retumii^ wire. To effect this all that is 

necessary is that one short wire from the battery at one end of a line^ and 

from the ^ctro^ma^pEiet at the other end, should be sunk into the moist 

earth, and there connected with a 
^^ ' mass of conducting metal, from 

wMdi the deotricity passes to 
complete the dosed <drcuit. 

For interrupting the 
current and regulating 
the system of dots and 
lines, an instrument call- 
ed the Signal-key, or, 
Break-piece, Fig. 868, 
is employed. This is 
placed near the battery, so as to be in the galvanic cir- 
cuit. The operator, by pressing down the knob with the 
finger, closes the circuit and allows the current to pass, but 
when the pressure is removed communication is interrupted 

* The following taUo exhibits the signs employed to represent letters In the Morse 
system of telegraphing : 

ALPHABET. n 



p 

r- -- 

« 

t 




d 

6- 
/ 






X — 

z 



NUMERALS. 

6ZZ~~ 
0— — — 



Experienced operators are often able to understand the message merely from Che sounds, 
or cLicks, of the lerer. 
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What i« the 808. In what is known as the " Bain/' or 
Sr'^hSSDi' chemical telegraph, there is no magnet created, 
telegraph F ^j^^ g^ Small steel wire, connected with the 
wire from the line, presses upon a roll of paper, moved 
by clock-work. This paper, before being coiled on the 
roller, has been dipped in a nearly colorless chemical solu- 
tion, which becomes colored when an electric current passes 
through it. By sending a current through the wire rest- 
ing on the paper, we can stain it, as it were, in dots and 
lines in the same manner as the last instrument em- 
bossed it in dots and lines. 

809. The House's, or printing telegraph, 
priDttng' itJi differs from the others principally in an ar- 
^^^ rangement whereby the message as transmitted 

is printed in ordinary letters, at the rate of two or three 
hundred a minute. 

What vas the 810. The mcthod first proposed for com- 
metb*S*"pJJ? municating intelligence by electricity was by 
p®*®*' deflecting a compass needle by causing a cur- 

rent to pass along its length. 

Thus, if at a giren point we place a gahranio battery, and at a hundred 
miles from it there ia fixed a compass needle, between a wire brought from, 
and another returning to the battery, the needle wQl remain true to its polar 
direction so long as the wires are free from the excited battery; but the mo- 
ment connection is made, the needle is thrown at right angles to the direc« 
tion of the current The motion of the needle may thus be made to convey 
intelligence. 

It is necessary, in oonyeying the wires frt>m point to pohit, to sopport them 
on the poles by glass or earthen cylinders, in order to insure insulation, 
otherwise the electricity would pass down a damp pole to the earth, and be 
lost. 

811. The idea that many persons have, that some substanco 
cipie *o7infln' passes along the telegraphic wires when intelligence is traiis- 
cnco pass along mitted, is wholly erroneous; the word current, as something 
a message is flowing, expresses a false idea, but we have no other term to 
communicated? express electrical progression. We may, however, gain some 
idea of what really takes place, and of the nature of the influence transmitted, 
by remembering that the earth and all substances are reservoirs of electricity ; 
and if we disturb this electricity at any given point, as at Washington, its pulsa- 
tions may be felt at New York. Suppose the telegraphic wire a tube extond* 
ing from Washington to New York perfectly filled with water; now, if one 
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drop more is forced into the tube at Washington, a drop must ML out at 
New York, but no drop is caused to pass from Washing^n to Kew York, 
Something like this occurs in the transmission of electricity. 

c»n eiectridt ^^^' Elcctricity, through an electro-mag- 
bo inade to nctic arrangement, can be made available for 

measure Ume? . *=* . /» i- ^ -t ». 

the measurement of time, and by its agency a 
great number of clocks can be kept in a state of uniform 
correctness. 

The plan by which this is accomplished is substantially as follows: — ^A bat- 
tery being connected with a principal dock, which is itself connected by 
means of wires with any number of clocks arranged at a distance firom each 
other, has the current r^a^rly and continually broken by the beating of the 
pendulum. This interruption is also experienced by all the clocks included 
in the circuit; and in accordance with this breaking and makmg of contact^ 
the indicators or hands of the dock move oyer the dial at a constantly uniform 
rate. 

813. The fundamental law of action in fHctional electricity 
action of ei&> ^ *^* bodies charged with like electricities at rest repel, and 
trioai cnrrento with unlike, attract each other. "With electricity m motion 
Q^wf ^3 case is somewhat different, since currents of the same 

electridty moving in the same direction attract each other. 
The general law of this action may be stated as follows : 

What is the ^ electric currents flow in wires parallel to 
^^ictioST ^' ^^^^ other, and have freedom of motion, the 
wires are immediately disturbed. If the cur- 
rents are moving in the same direction, the wires attract 
each other; if they are moving in opposite directions, 
they repel each other : or, like currents attract, and un- 
like repel. 

How^mayahe- 814. When thc wires connecting the positive 
?d hSoTS^ a^d negative poles of a galvanic battery in ac- 
netic needle? ^Jq^ ^rc coilcd in the form of a helix, the helix 
becomes possessed of magnetic properties. If such a 
helix be suspended in a horizontal plane, it points, as a 
magnetic needle would, north and south ; if it is sus- 
pended so as to move in a vertical plane, it acts as a dip- 
ping needle. 

If two helices carrying currents are presented to each other, they attract 
and repel, precisely as if they were magnets, according as like or unlike poles 
are brought together. And, in short, all the properties of the magnetic needle 
may bo imitated by a helix carrying a current 
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816. From these, and other like phenomena, M. Ampere 
has propounded a theory which accounts for nearly all the 
phenomena of terrestrial magnetism. 
He supposes that all magnetic phenomena are the result of the circulation 
of electrical currents. Every molecule of a magnet is considered to be sur- 
rounded with an atmosphere of electricityi which is constantly circulating 
around it, the difference between a magnet and a mere bar of iron being, that 
the Glectricity which exists equally in the iron, is at rest, whereas m the mag- 
net it is in motion. The direction of these currents circulating in a magnet 
is dependent upon the position in which the magnet is held. If the opposite 
or unlike poles of two magnets be placed end to end, the electiio currents of 
each will be found running the same way, and as ourfents nraving in the same 
direction attract each other, the two poles will tend to come together. On 
the contrary, if the ends of like poles be presented, the course of the currents 
traversing each will be in opposite directions, and a repulsion will result. 

A magnetic needle tends to arrange itself 
at right angles with a wire transmitting an 
electric current, iu order to bring the numer- 
ous currents circulating around its particles 
parallel with that of the wire. 

The magnetism of the earth is also explained by this theory 
on the same principles. If we take a metal ring and warm 
it at one point only by a spirit-lamp, no electrical effect en- 
sues ; but if the lamp is moved an electric current runs round 
the ring in the direction the lamp has taken. In a like man- 
ner, currents of electricity are known to be excited and kept in motion around 
the earth, by the sun, which heats in turn successive portions of its surfiice. 
They flow round it fh)m east to west in a direction at right angles with a line 
joining the magnetic pole& A magnetic needle, therefore, points north and 
south, because that position is the one in which the electric currents in it are 
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parallel to those of tlie eartli, and 
this is the position, as has just 
been explained, that electric cur- 
rents tend always to assume. 

Fig. 369 represents an artificial 
globe, surrounded by a coil of in- 
sulated wire, surmounted by a 
magnetic needle. The needle will 
always poult to the north pole of 
the globe, on transmitting the bat- 
tery current. 

The dip of the needle may bo 
also readily accounted for in the 
same manner. At tho polar re- 
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gbns it dips verticallj down in order that its correnta may be parallel with 
those of the earth ; for in those regions the sun performs his dally motion in 
circles psurallel to the horizon. At the equator, the course of the sun is 
nearly at right angles to the horizon, and the needle maintains a horizontal 
position. 

What is Mag- 816. As sii electrfc current passing round 
neto-eiectricity? £]^q extcrior of a bar of soft iron induces mag- 
netism in it, so on the contrary, a magnetized bar is able 
to generate an electric current in a conducting wire sur- 
rounding it. 

Electricity thus produced by the agency of a magnet 'is 
called Magneto-electricity. 

This may be shown by introducing one of the 
poles of a powerful bar magnet within a helix of 
fine insulated wire (see Fig. 370), iho ends of 
whWi are connected with a delie^» galvan- 
ometer. The deflection of the needle will indi- 
cate the flow of an electric current eirery time the 
magnet enters or leaves the coil — the direction 
of the current changing with the poles entered. 
The same results will be obtamed, if instead 
of introducing and removing a permanent steel 
magnet, weoontlnualiy change the polarity of a 
fioft iron bar. Thus, in Fig. 371, let a 6 be a bar 
of soft iron aurrounding a helix, and N E S a 
horse-shoe magnet so arranged tliat it can revolve 
freely on a pivot at c, the poles in their revolution just passmg by the termina- 
tions of the bar afe. Oncauong the magnet to re- 
volve, the polarity of the bar a 6 will be reversed 
with every half revolution the magnet makes, and 
this reversal df pcterity will generate electric cur- 
rents in the wire. 

To instruments constructed on 
ihese principles the name of mag- 
neto-electric machines is given. 

817. Whenever a^ 
d'il'JaScr?' electric current flow^ 

througha wir§ it excites another current m an 
opposite direction, in a second wire held near to and 
parallel with it. Its duration, however, is only momentary. 
On stopping the primary current, induction again takes 




Fia. 371. 




440 



W£LLS*S NATUBAL PHILOSOPHT. 



What is tlie 
j;.-neral con- 
ht ruction of 
inaifneto -elec- 
tric machincB? 



place in the secondary wire ; but the current now arising 
has the same direction as the primary one. 

The passage of an electrical current, therefore, develops other currents in 
its neighborliood, wiiich flow in the opposite direction as the primaiy one 
first acts, but in the same direction as it cease& Whenever a magnet^ also^ 
is moved in the neighborhood of a conducting wire, these currents are also 
induced. 

818. Magneto-electric machines, arranged for developing 
electridtj by the reaction of a magnet, are constructs in a 
great variety of forms. In some, x)ermanent steel magnets are 
used; in others, temporary soft iron ones, brought into ac- 
tivi^ by a galvanic current A common form of magneto- 
olcctric machine is represented in Fig. 372. 

It consists of a compound horse* 
shoe magnet, S, Fig. 372, bolted 
to a mahogany stand, arranged in 
such a manner that an electro- 
magnet, or armature, A B, mount- 
ed on an axis> revolves in front of 
its poles, by turning a multiplying 
wheel, W. This electro-magnet, 
or armature, consists of two cores 
of soft iron wound about with fine 
insulated copper wire. The ends 
of the wire in ihesQ coils are kept 
by means of springs, 
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against a good conducting metal plate, which in turn is connected by wires 
with the screw-caps at the end of the base board. When the iron cores, or 
axes of the coils are in front of the poles of the magnet, they become mag- 
netic by induction. This sets in motion the natural electricity of the coil, or 
helices, which flows in a certain direction, and is conveyed through the 
springs and wires to the screw-caps. 

If the armature be turned half round, the magnetism of the iron is reversed, 
and a second current is excited in the opposite direction. 

By turning the armature very rapidly, a constant current 
passes through the wires, and by connecting a small piece of 
platinum VTire in the circuit, it is rapidly rendered red hot. 
By conveying connecting wires from the magneto-electric 
machine into acidulated water, its decomposition is effected; 
and many chemical compounds may in like manner be resolved into their 
ultimate constituents : machines also of this character maybe used for electro- 
plating. 

The effects of electricity thus generated on the human system are peculiar. 
If the two handles connected with the scrow-caps of the machine are grasped 
by the hands, slightly moistened, and the armature is made to revolve rap- 
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idly, the mnsdes are dosed so firmly, that the handles can not be dropped, 
and most powerful conyuMye shocks are sent through the arms and body. 

•wiiat isadia. 819. It has been demonstrated by Professor 
laagneticbodyf Faraday that bodies, not in themselves mag- 
netic, may, when placed under certain physical conditions, 
be repelled by sufficiently powerful electro-magnets. Such 
substances have been termed diamagnetic, and the phe- 
nomena developed have received the general name of dia- 
magnetism. 

Bodies that are magnetic are attracted by the poles of 
a magnet ; bodies that are diamagnetic are repelled by 
the poles of a magnet. Magnetism may be regarded as 
an attractive force, diamagnetisgi as a repelling one. 

Thus, if a bar of iron is suspended free to move in p^^ ^ho 

any direction, between the poles, N S, of a magnet^ 
Fig. 3*73, the bar will arrange itself along a line 
-which will unite the two poles ; it places itself in the I 
axial line, or along the line of force. Such is the con- 
dition of a magnetic body. If a substance of the diamagnetic daas is placed 
Fia 314. "^ *^® ^°^® situation — as, for example, a bar of bis- 

Imuth— between the poles, N S, Fig. 374, it places it- 
^^ self across, or at right angles to the axial line, or the 
^B line offeree. 
^^ Every substance in nature is in one or the other of 
these conditions. "It is a curious sight," says Dr. 
Faraday, " to see a piece of wood, or of bee^ or an apple, or a bottle of water 
repelled by a magnet; or taking the leaf of a tree, and hanging it up between 
the poleS) to observe it taking an equatorial position." 
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ABBB&ATioir, Bpherioal, what ii, 880 
Abutment, what Is an, 120 
Acoustics, 188 

Acoustic figures, what are, 180 
Actinism, what is, 848, 844 
Action and Keaotion, 66 

iUastrations of, 66 
laws oi; 66 
Action, voltaic, how ioterrapted and re- 
newed, 409 
Adhesion defined, 20 
what is, 25 
Aeriform bodies, how exertpmsiire, 174 
Aerolites, constitution of, 280 

what are, 288 
Affinity defined, 25 
Aim, philosophy of taking, 205 
Air, compressibility of; IM 

capacity of, for moisture, 868 

constituents of, 163 

density of, 165 

elasticity of, 165 

fresh, how much required for a healtt&y 

man, 261 
heated, why rises, 261 
how heated, 218 
in spring, why chilly, 846 
in water, 180 
inertia of, 164 
momentum of, 187 

illnstratlmui of; 187 
not necessary for the produetioa of 

sound, 191 
weight of, 168 
when rarefied, 166 
when said to be saturated, 268 
why unwholesome after having beeu 

respired, 860 
pump, construction of, 176, 177 
Alphabet, telegraphic, 486 
Anemometer, 282 
Angle, defined, 71 

of incidence and reflection, 71 
Animals foretell changes In weatiier, 802 
Annealing described, 87- 
Aqueduots, constrnctiou of, 134 
Arch, base of, 120 

springing of, 120 
strength of, 120 
what is an, 120 

why stronger than a horlsontal struct- 
ure, 120 



Archimedes, experiment with the eiown, 44 

screw of, 169 
Architraye, 121 
Architecture, 110 

orders In, 180 

origin of diffareui styles of« 
110 
Armatnre of a magnet, 428 
Artillery, efRsctlve distanoe o^ 7T 
Artesian wells, 135 
Astatic needle, what is an, 430 
Atnu^here, composition of, 163 

effect of, on dIfEhslon of light, 

802 - 

how heated, 226 
pressure of, 168 
supposed height of, 173 
what is, 163 
Atmospheric dectricity, 801 

pressure, effects of, 174, 175 
how sustained, 170 
refhustion, 814 
Atom, what is an, 13 

Attraction at insensible distances ninstrat- 
ed,22 
oohe8iTe,25 

how varies, 86 
illustration of simple,. 18 
molecular, four kinds of, 84 
mutual, illustrations of, 80 
what is, 17 
Aurora horealis, cause of, 396 

no infiuence on the weather, 801 
Auroras, not local, 897 

peculiarities of, 307 
Avoirdupois wdight, 34 
Axis of a body, what is an, 82 



B 

Bslusters, 121 

Balance, ordinary, described, 07 
torsion, 882 

when indicates false weights, 08 
Ballast, use of, In vessels, 180 
Balls, cannon, velocity of, 76 
Balloons, varieties of, 186 

« what are, 186 

Balloon, why arises, 43 
Barker's mill, 157 
Barometer, how invented, 160l-171 
how constructed, 171 
aneroid, 172 
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rr,m 
' wheel, m 
how indioatei wMklhtt ehuBM, 

173 

how naed for meMoriiig heights, 

173 

Batterlet, ihermo-eleetrk, 417 

Battoy, DanieU'B, 407 

nlTaiiie,401 

Grove* s gmlysnie, oonKtmelloa of, 
406 
imperf ecdons of, 407 
lumiDOuB eflbcia of, 410 
Bmee*i galyanic, 406 
■alphate of copper, 406 
troagh, described, 405 
Beun, reetengalar, strength of, 116 

hent in the middle, why UaUs to 

break, 119 
or bar, when the strongest, 115 
BeDows, hydrostatic, 129 
Bells, electrical, 385 
Belts, motion commnnicated by, 101 
Billiards, prineii^es of the game ot, 73 
Blanket, ntiU^ of the nap of, 219 
Blower, use of, 262 

Boats, lifie, how prerented from sinking, 147 

Bodies, form oi; how dependent on heat, 228 

form of, bow changed by centrifii> 

gal force, 83 
falling, laws of, 65 

force and veloeity depend on 
what, 64 
lis^ter than water, meeific gravity, 

how determined, 89 
non-lnminoos, when rendered visi- 
ble, 801 
when heavy and light, 83 
when transparent, 204 
when Inminons, 294 
when appear white, 301 
when solid, liquid, or gaseous, 24 
when float in air, 185 
Body, what is a, 11 

when called hot, 206 

size of, how affects its strength, 115 

when stands most firmly, 60 

when rolls, and when slides down a 

slope, 61 
where wiU have no weight, 83 
Boiling-point, depends on what, 241 

influence of atmospheric pres- 
snre on, 242 
Boiler-flne, 263 

Boilers, steam, how constmeted, 266 
essentials of, 267 
locomotive, how constructed, 268 
Bones of men and animals, why cyUndri- 

oal, lis 
Boxes of a pnmp, 18t 
Breath, why visible in winter. 974 
Breathing, mechanical operation of, 181 
Breezes, land and sea, 284 
Bridge, BriUnnia tubuUr, 118, 119 
Brittleness, what is, 27 
Bubble, soap, why rises In the air, 43 
Buckets of wheels, 166 
Building, strength of a, on what depends, 119 
Buildings, how warmed and ventilated, 260 
Buoyancy, what is, 138 
Burning-glasses, 209 



Calorie, what is, 906 
Camera obscora, 847 

portable, 360 
Canals, how constructed, 137 

locks in, 137 
Cannon bursting by firing, 28 

varieties of, 77 
Capillary Attraetion, 25, 142 

Olustrated, 143 
Capstan, eonstmctlon of, 100 
Car axles, why liable to break, 28 
Carriage, high, liable to be overtomed, 50 
Cask, tight, Uqnids wiU not flow from, 179 
Catoptrics, 312 
CeUus, cool in lammer, warm in winter, 

why, 220 
Center of graviij in irregular bodies how 
found, 48 
when at rest, 46 
in what three ways sap- 
ported, 47 
Centripetal Force, 79 
Champagne, why markles, 181 
Charcoal marks, why stick to a wall, 25 

why black, 301 
Chemistry, definition of, 9 
Children, why difficult to learn to walk, 68 
Chimney, draught of, 262 

how constructed, 262 
how quickens ascent of hot air, 
962 
Chimneys, when smoke, 263 
Chord in music, 196 
Chain-pump, construction of, 160 
Climate, what is, 967 
Circuit, galvanic, 401 
Clock, common, described, 68 
water, principle of, 151 
docks, why go&ster in winter than in snm- 

mer, 60 
Clothing, when warm and when oool, 220 
Clouds, average height o^ 274 
cirrus, 275 
cnmnlus, 275 
how differ from fog, 273 
how formed, 274 
nimbus, 277 
strains, 277 
variety of, 275 
what are, 273 

why appear red at sonset, 337 
why float in the atmosphere, 274 
Coals, mechanical force of, 251 
Coal, equivalent to active power of man, 251 
Cogs on wheels, 101 
Cohesion defined, 26 
Cold, greatest arUfidal, 211 
natural, 211 
what is, 206 
Color and mnric, analogy betireen, 888 
Color, no effect on radiation of heat, 223 

origin of, 326 
Colors, complementary, 831 

dark, absorb any beat, 225 

how affect their relative appearance, 

332 
of natural ol(}ects on what depend, 

830 
simple, what are, 829 
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Column, height of, how measured, 121 

what is a, 121 
Compass, mariner's, 424 

ordinary, 424 

when discovered, 426 
Compressibility, what is, 16 
Concord in music, 196 
Condensation, what is, 238 
Conduction of heat, 216 
Convection of heat, 216 
Cordage, strength of, on what depends, 113 
Cork, why floats npon water, 43 
Cornea, what is the, 349 
Coulomb's torsion balance, 382 
Countries destitute of rain, 279 
Coughing, sound of, how produced, 264 
Cranes, what are, 105 
Crank defined, 110 
Cream, why rises upon mUk, 147 
Crying, what is, 205 
Cupping, operation and principle of, 176 
Currents, electric, how exert their influence, 

429 
Cylinders, strength of, 118 



Daguerreotypes, how formed, 845 

Dead point explained, 112 

Declination of needle, 426 

Density, what is, 15 

Derrick, what is a, 105 

Dew, circumstances that influence the pro- 
duction of, 271 
does not fall, 271 

phenomena and production of, 270 
when deposited most freely, 271 

Dew-drop, why globular, 30 

Dew-point, 270 

not constant, 270 

Diamagnetic phenomena, 441 

Diamagnetism, 441 

Dioptics, 318 

Direction, line of, 49 

Discord in music, 196 

Distillation, 242 

Divisibility, 13 

Dovetailing, what is, 117, 118 

Drainage, principles of, 152 

Dratight of chimnev, 262 

Dresses, black, optical effect of, 333 

Drops, prescription of medicine by, unsafe, 
29 

Ductility, what is, 26 

Dustn how we free our clothes of by agita- 
tioii, 20 

Dynamometer described, 89 



Ear, construction of, 201, 203 
Earth, bodies upon, why not msh together, 
SO 
cause of pre^^nt form of, 83 
centripetal force at equator of, 83 
how proved to be in motion, 84 
the physical features of, how affect 

winds, 282 
the resei'voir of electricity, ST6 



Earth, telegn^hie commnnieation through. 

Earth's attraction, law of, 32 

Ebullition, what is, 241 

Echo, conditions for the production of, ir8 

what is, 197 
Eclioes, when multiplied, 198 

where most frequent, 1C8 
Egg-sliell, application of the principle of the 

arch in, 120 
Elastic bodies, results of collision of, 63 
Elasticity deiined, 22 
Eel, electrical, 391 
Electric attraction, 370 

currents, how exert their influence, 

429 
fluid non -luminous, S8T 
light, 410 
repulsion, 870 
Bhock, 383 

spark, duration of, 888 
Electrical battery, 884 
induction, 877 
machines, 878 
Electricity a source of heat, 212 
atmospheric, 391 
conductors and non-conductors 

of, 273 
Du Fay's theory of, 271 
Franklin's theory of, 271 
effect of on a conductor, 886 
experiments of Franklin with, 

392 
frictional, distinctive character 

of, 407 
galvanic, how excited, 401 

how differs from ordi- 
nary, 300 
how discovered, 8C8 
quantity of, what is, 

408 
theory of, 402 
inteniiity of, what is, 

408 
what is, 808 
how evolves heat, 409 
how excited, 869 
how exerts a magnetic force, 431 
influence on the form of bodies, 

376 
kinds of, 370 
magneto, 437, 4r8 
of vital ac^on, 391 
positive and negative, 272 
quantity necccsary for decompo- 
sition, 412 
real character of unknown, 403 
pecondary currents, 437 
thermo, what is, 416 
velocity of, how determined, £59 
what is, 869 

where resides in bodies, 876 
Electro-magnetism, 429 

magnets, how formed, 432 
what are, 483 
Electrometer, 881 
Electro-metallurgy, 413 
Electrophorus, 380 
Electroscope, 381 
Electrotyping, 413 
Eloctrodes, what are, 413 
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Elemeoti, dmple, 11 

niiinber of; 11 
EleTBdoni, how determined by the hoOing 

point of water, 242 
EmbftDknients, why made stronger at the 

bottom than at the top, 139 
EndoBmoee, what ia, 146 
Eneine, fire, construction of, 183 

steam, 251-264 
Engraying, how affected by eleetro-metal- 

largy, 416 
Entoblatare, dhrlsbme of; 121 

what is, 121 
EquiUbrliim indiHiBrent, 48 

law of, in all manMnes, 93 
stable, 43 
unstable, 43 
what is, 46 
Eqainoctial storm, 291 
Evaporation, 238 

circnmstanoes inHneneiiig, 289 
influenoe of temperature on, 
240 
Xxosmose, what is, 146 
Expansibility, what is, 16 

illnstrations of, 16 
Kypanslon by beat, 228 

how measnred, 288 
Eye, 847 

how Judges of sise and distanee, 854 
how moved, 348 
optic axis of, 853 
■tructore of in man, 848 



Facade of a building, 121 

Far-sightedness, cause of, 883 

Feather attracts the earth, 83 

Fibrous substances non-condnetore of heat, 

219 
Filtration defined, 19 
Fire, what is, 209 

Fishes, structure of the body of, 154 
Flame, what is, 209 
FlexibUity, what is, 36 
Flies, how walk upon ceilings, 176 
Floating bodies, laws of, 188 
Fluid, electric, 403 
Fluids, what are, 34 
Fl7*wheel, use of, 17 
Focus, what is a, 822 
Form of bodies dependent on heat, 328 
Forcing-pump, construction of, 183 
Force defined, 21 

accumulation of, 87 
internal, 22 
magnetic, 418 
molecular, 22 
real nature of, 21 
Forces, great, of nature, 21 
electro-motire, 401 
Fountains, ornamentid, principle of eon- 

struetion of, 185 
Friction, 113 

adTantages of, 118 
how diminished, 113 
kinds of, 113 
roUing, 112 
sliding, 112 



FrletioB, heat produeed by, fl4 

Freesdng mixtures, ooraposition td, ^M 

Frieze in architecture, 121 

Frost, origin of, 273 

Fuel, what is, 865 

Fulcrum defined, 98 

Furs, why used for cloiUng, 319 

Furnaces, hot-air, 964 

how eonstmeted, 966 



GalTsnism, 898 

GalTsnio action, how inereaeed, 409 
battery, 401 

heattng effects of 406 
phrdologlcal effects of^ 

Qalvanometer, 490 

Gamut, the, 196 

Oas, how differs from a Hqnid, 39 

what is, 23 
Gases, how expand by heat, 232 

specific gravi^, how determined, 41 
Gaseous bodies, properties of, 23 
Gasometers, construction of, 179 
Gears, in wheel work, 101 
Glass, opera, 365 
Glasses, sun, 209 
Glottis, what is the, 203 
Glue, why adhesive, 25 
Grain wdght, origin of; 84 

bearing plants, construction of fhe 
stems of, 118 
Gravitation, attraction of; how raries, 80 
defined, SO 
terrestrial, 83 
Gravity, action of, on a feUiog body, 66 
center of, 45 
specific, 87 
Green wood, unprofitable to bum, 266 
Grindstones, how broken by centriftigal 

force, 80 
Guage, barometer, 359 
steam, 269 
rain, 277 
Gnn, essential propertJes of, 76 
Gnnpowder, effective limit of tiie fbree o^ 
77 
force of 76 
Gnrgle of a bottle explained, 180 



Hail, what is, 280 

storms, where most Arequent, 281 

stones, formation of; 281 
Halos, what are, 836 
Hardness, what is, 26 
Hearing, conditions for dlstlnctaiess In, 900 

range of human, 206 
Heat, 205 

bow diffuses itself, 206 

how measured, 206 

distinguishing charaeterlsdo of, 906 

nature of, 207 

theory of, 207, 208 

and light, relations between, 908 

devoid of weight, 209 
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Heat, Bonrees of, 200 

influence eztendB how ftv into the 

earth, 211 
of chemical actioa, 212 
greatest artificial, 212 
derired from merJianteal mUob, 21t 
latent, 213 
sensible, 213 
of vital action, 214 
of friction, 214 

condaotors and non-coodnefcon of, 216 
radiation of, 216 
communication of, 216 
conducting power of bodlflf»lww di* 

miniahed, 218 
good radiators of, 222 
hotr propagated, 898 
Telocity of, 223 
bow reflected, 224 
rajs of, what is meant bj, 224 
absorption of, 225 
expansion bf. 228 
how transmitted through diflbrent 

substances, 226 
effects of, 22T 

solar, oompoond nature of, 227 
force of expansion of, 229 
expansion of^ practical fflnstrations 

of, 229 
latent, when rendered sensible, 246 
capacity for, 247 

quantity of, dttbrent in all bodies, S4T 
specific, 247 
Helix, construction of, 432 
Horse power defined, 88 
Houses, haunted, explanation of, 200 
Humidity, ab0<dute and relatfre, 268 
Hurricane, what is a, 286 
Hurricanes, where most ftvqaent, 285 
space traversed by, 286 
velocity oi, 286 
HydranUcs, 148 

Hydraulic engfaies, cause of thelosa of power 
in, 168, 159 
ram, eonstructloa ot, 161, 102 
Hydrometer, what is a, 141 

uses of, 1^ 
Hydrostatics, 123 

Hydrostatic pren, coastruction of, 126, 127 
Hydro-extractor, 80 
Hygrometer, how oonstmeted, 269 



Ice, origin of babbles in, 282 

heat in, 206 
Images, when distorted in mirrors, 808 
Impenetrability, 12 

iUustrations of, 13 
Incidence, an|^e of, 71 
Inclined plane described, 105 

advantage gained by, 106 
Induction, magnetic, 4lil 
Inelastic bodies, results of collision of, 69 
Inertia, what is, 16 

examples of, 17 
Inlcstand, pneumatic, 179 
Insects, bowproduce sound, 206 
Insulation, 874 
Intensity in electricity, what is, 408 



Iran, gslvaniced, what is, 415 
how made hot, 206 
how rendered magnetic by induction, 

ships, principle of flotation of, 140 
■oft, how magnetiaed, 421 
why stronger than wood, 29 



Kalddowope, eonstnictionof, 807 
Key-note, what ia, 801 



Lakes, salt, origin of, 124 
Lamp-wick, how raises oil, 145 
Lantern, mi^jic, what is, 367 
Larynx, description o^ 208 
Langhing, what is, 206 
Law, phvsical, definition of a, 10 
Leni^ aohromatic, 328 
axis of, 321 
defined, 319 
focal distance of, 821 
Lenses, varieties of, 819 
Level, spirit, construction of, 137 

what is a, 63 
Lever, law of equilibrium of the, 94 
Levers, arms of, 93 

compound, 96 

disadvantages of, 97 
Unds of, 98 
what are, 98 
Leyden jar, 882 
light, abMirption ijf, 309 
analvisis of, 326 
chief sources of, 804 
corpuscular theory of, 298 
divergence of rays of, 290 
«lectrie,410 
good reflectors of, 801 
how analysed, 326 
how propagated, 296 
how refracted by the atmosphere 

814 
Intensity of, how varies, 297 
interference of, 839 
moves in straight lines, 296 
polarized, 341 
polarisation of, 842 



ray of, what Isj^ 296 
reftactioa < ' 



of, 812 

same quantity not reileeted at all 

angles, 306 
three principles contained in, 844 
nndulatory theoty of, 293 
Telocity of, 298 

how calculated, 299 
vibrations of, 339 
waves of, 889 
what is, 292 

when totally refleOted, 816 
white, composition of, 826 
U^tning, identity of with electricity, 892 
mechanical efliBCts of, 896 
rods, how constmcted, 894 
' space protected by, 896 
when dangerous, 886 
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lightefas, Tirifltteot 8M 

irh*tU.aW 
Lin^ Tcrtiea], 53 
liqnalketioii, what ia, S9T 
Uqaid ftt rest, oondittoa of tlie Hfftee of a, 
133 
ureMure of ft ooluioii off 188 
wlifttisa,23 
Liqoldi^ trailing point how changed, 8tf 
flowing from a Teserroir, 1^ 
hare no pazUealar form, 23 
heat oondoeting power at, SIT 
how cooled, 22:i 
more upon each oflier withontfiie- 

tion,124 
ui'tMiirB ot, 135 

fflaelnted,lS5 
why eome froth, 180 
speoflegraTitjr how foond, 89 
•pheroidal state of; 240 
to what extent expanded by heat, 

829 
transmit uitwum Sn ell dlreetiona, 

186 
when do thej wet a sorfiwe, 30 
Loadstone, what is a, 416, 417 
Locks, cansl, how operated, 137 
Loeomotiye, effloacy depends on what, 80 
Looking-glasaes, how formed, 803 



if^Ain^, <trhat is a, 90 
Mmj^Mn^ diminish force, 90 

do not iffodnce power, 90 

how make additions to haman 

power, 91 
how produce economy of time, 94 
motion in, takes place when, 92 
simple, 93 
Machinery, elements of, 93 

general adrantsge oi^ 93 
magnetic, 433 

when caught on a center, 118 
Hsgdeborg hemi^iheres, 177 
Magnet, rotation of a, 431 

when traverses, 419 
Magnets, artifidal, 418 
horseshoe, 420 
native, 417 

power of artifidal, 423 
what are poles of, 418 
Magnetic indnction, 421 
meridian, 425 
phenomena, how aeooonted for, 

423 
poUrity, 419 

power of a body, where resides, 
421 
Magnetism, 417 

animal, what is, 418 
electro, 429 

how excited by eleetricitr, 433 
how induced by the earth, 432 
why not available for propel- 
Img force, 483 
Magneto-electric machines, 438 



Magnifying glasses, { 



Magnitude, 1 



center of, 45 



Malleability, vliat Is, 2S 

ezamnles oi; 86 

Man, how exerts his greatest strvBgO, 88 
estimated strength of; 88 

Maifotte's laws, what are, 166, 167 

Matter, cause of ehaiiges in, 21 
definition of, 11 
wspntial propertieB of, 18 
indestmctible, 18 
not infinitely diviaible, 13 

Materials, atteagjOk at, 115 

vpoQ what depend, 
115 
MatliBg, how proteeta oljectB ficom frost, 

278 
M ec h a nic al powet^ 93 
Meniscus, 3»» 
MffTTilfan, iwg p y ti ^^ 4SS 

of &e earth deifaied, 36 
Metala, union of; how a^cts duraUlity, 415 
Meteors, how differ firom shooting stars, 289 
Meteorites, what are, 888 
Meteoric bodies, supposed origin of; 889 

phenomena, 288 
Meteort>logy, 266 
Microscope, compound, 361 
solar, 368 
what is a, 960 
Mieroscopea, Tsrietiea of; 361 
MUk, why cream rises upon, 147 
Mirage, 315 
Mirror, plane, how reflects Vi^i, 808 

what ia a, 302 
Mirrora, burning, 306 
concave, 306 
convex, 311 
parallel, effect of; 306 
varieties of; 302 
Missfaslppi, does it flow up bill, 158 

quantity of water in, 158 
Mists and fogs, how occasioned, 273 
Moisture in air, how determined, 269 
Molecule defined, 14 
Momentum, how calculated, 65 
what is, 64 
illustrations of, 64 
Monsoons, theory of; 283 
what are, 283 
Moon, influence of on weather, 291 
Motion, absolute and relative, 62 

accelerated and retarded, 63 
apparent, affected by distance, 8!^ 
cu^ular, illustrations of, 78 
compound, 72 

illustrations, 72 
imparted to a body not instanlane- 

ously, 65 
perpetual, in machinery, not possi- 
ble, 91 
perpetual, in nature, 91 

example of, 91 
reflected, what is, 71 
reversion of by belting, 101 
rotary. 111 
rectilbiear, 111 
simple, illustrations of, 73 
uniform and variable, 63 
what is, 62 
when imperceptible to the eye, 960 



INDEX. 



449 



MortiM, what is a, 118 

Hoantains, height of, how determined hy 

the barometer, 173 
Hovements, vibratory, nature ot^ 188 
Had, -why fiiea from wheel of carriage, 79 
Muscular energy, how excited, 87 
Masic, scale in, 196 

notes in, how indicated, 196 
HoBical Bounds, 194 



Natural Philosophy, definition of, 9 
Near-sightedness, canse ot^ 852 
Needle, magnetic, 4^ 

dipidng, 426 

diurnal variation of, 428 

magnetic, directive power of, how 
explained, 426 

variations, cause of, 428 
Kotes, musical, when in unison, 196 
in music, how indicated, 196 



Ocean, depth of, 123 

extent of, 128 
Octave in music 195 
Oersted* 8 discovery, 429 
Oils, how dimhiish friction, US 
Opaque bodies, 294 
Optical instruments, 860 
Optica, medium in, 812 

science of, 292 



Paddles of a steamboat, when most eifeet- 

ive,-154 
Paper, blotting, why absorbs ink, 147 
Parabola defined, 74 
Paradox, hydrostatic, 126 
Pendulum, center of oscillation of a, 60 

compensating, 60 

described, 85 

Influence of length on vibration 
of, 69 

length of a, seconds, 61 

times of vibration of, 68 

compared, 68 

used as a standard for measure, 
61 
Perspective, what is, 866 
Photometers, construction of, 298 
Physics, definition o£ 10 
Pilaster, what is a, 121 
Pllo, in architecture, 120 

Zamboni*s, explained, 404 
Piles, voltaic, 404 
Pipes, rapidity of water discharged from, 160 

water, requisite strengUx of; 134 
Pisa, leaning tower of, ^ 
Pitch, or tone, 195 
Pimts, vital action of, 216 
Platform scales, 98 
Pliability, what is, 26 
Plumb-line, 53 
Pneumatics, 163 
Polarity, magnetic, 419 



Poles, magnetic, where situated, 426 

of galvanic battery, what are, 402 

Pop^gun, operation of, 167 

Pores, defined, 14 

evidence of the existence of, 15 

Porosity defined, 14 

Porter, why froths, 180 

Portico, what is a, 121 

Power, agents of in nature, 87 

and resistance defined, 63 

and weight in machinery defined, 92 

expended in work, how ascertained, 

mechanical eflEect of^ how estimated, 

92 
moving, effect o^ how expressed, 89 
space and Ume, how exchanged for, 
.92 
Press, hydrostatic, 121 
Prism defined, 818 
Pro1eetUe,whatis,74 
Projectiles, laws of, 74 

range of; 75 
Propellers, advantage over paddle-wheels, 
166 
construction of, 166 
Pugilists, blows of, when most serere, 69 
P^ey defined, 102 
kinds of, 102 
fixed, described, 102 
movable, 103 
Pulleys, advantage of, 104 
Pump, air, 177 

chahi,160 
common saction,181 

when Invented, 160 
forcing, construction of, 188 
Vera^s, 145 
Pyrometers, 283 



Quantity In electricity, what Is, 408 



Badiation of heat proceeds firom all bodies, 

228 
Bain, what is, 277 

why falls in drops, 277 
formation of; on what depends, 277 
gnage, 277 

yearly estimated quantity of, 279 
where most abundant, 278 
Kain-bow, what Is a, 833 
when seen, 335 
why semicircular, 385 
Bam, hydraulic, construction and operation 

of, 161, 162 
BsAge In gunnery, 75 

greatest, when attained, 75 
Bays of heat, what meant by, 224 
Beflection, ang^e of, 71 
Beflectors of heat, best, 225 
Befiraction, index of, 316 
double, 840 

how accounted for, 317 
Befrlgerators, construction of, 221 
Begnlators of steam-engines, 266 
Bepulsion, whatis, 22 
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Retina of the eye, 848 

lUoochet firing, 77 

Bifle, Mioi^ conBtructi«n of, 77 
how sighted, 73 

Hiyers, why rarely straight, 86 
▼elocity of, 152 
water discharffe o^ 1S2 

Boada, inclination of, how eirtJmated, 106 
how should be made, 106 

Rods, discharging, 380 

Room, how best ventilated, 964 

Rooms for speaking, how oonstroctod, 801 

Bope-daodag, art of, 03 



8 

Safes, fire-proof, how censtraeted, 821 
Sandstones, whyill adapted for architectnral 

purposes, 123 
Saw-dust, utility of in presenrlng lee, 220 
Scales, hay and piatfsrm described, 98 
Searfing and interlocking 117 
Scissors, a variety of lever, 94 
Screw, advantage gained by, 109 

appllcatiomi of, 109 

defined, 108 

endless, 110 

Hunter's, 110 

nut of, 108 

of Archimedes, 169 

thread o^ 109 
Serew-Propeller, what is a, 1S6 
Sea, proximity to, tuitlgates e<dd, 268 
Shadow, what Is a, 296 
Shadows, how increase and diminish, 207 
Shell, sea, cause of the sound heard in, 199 
Ships, copper sheathing of, how protected, 

iron, why float, 140 
Shooting-stars, how accounted for, 290 
Short-sightedness, cause of, 852 
Shot, how manufactured, 30 
Silver, adulteration of, how deteefted, 43 
Simmering, what is, 241 
Skull, human, combines the priaeipleof (he 

arch, 120 
Smoke, why rises in the air, 43 

why ascends in chimney, 261 
rings, origin of, 187 
Sneesing, what is, 205 
Suow cr3r8tal8, 280 

flake, composition of, 280- 
how formed, 280 
line of perpetual, 248 
protective influence of against oold,220 
what is, 980 
8oft, when is a body, 26 
Solar microscope, 3G8 
Solid, what Lb a, 23 
Solids, why easily lifted in water, 139 

specific (gravity, how determined, 89 
Solution, what is a, 2\n 

bow di^rs from a mixture, 287 
when saturated, 237 
Sound, condactoTS of, 102 

how decreases In intensity, 193 
how propagated, 190 
interference of waves of, 194 
loudness of, on what depends, 194 



Sound, refleetioii ofl 197 
•velocity of, 198 
what is, 188 
when oommnnicated moBt zeadily, 

191 
when inaudible, 190 
Soands, musical, 194 

not heard alike by all, 203 
seem louder by ni^t than by day, 
191 
Spark, electric, 388 
Speaking, rooms soitable for, 201 
Specific gravity, 37 

how dLwovered, 44 
how foand, 38 
standard for estimsting, 33 
praetlDal applications of, 44 
£^i«ctaeles, what are, 860 
Spectrum, solar, 326 
Springs, intermlttittg, 186 

origin of, 136 
Spy-glass, what is, 364 
Stability of bodies, depend on what, 48 
Stairs are inclined planes, 107 
Stars, shooting, 289 

height of, 289 
Steel, how tempered, 27 

how magnetised, 421 
Steel-yard described, 97 
Steam, advantages of heating by, 266 
elastic force of, 249 
superheated, 250 
liigh pressure, 250 
formed at all temperaiares, 989 
guage, 259 

how rendered nsefnl, 252 
pressure of; how indicated, 260 
true, invisible, 238 
when used expanmvely, 255 
Steam-boilers, cause of explodon of; ^ 
whisUe, 260 
engine, what is, 251 

condensing, 253 
construction of, 253 
high pressure, 254 
regulators of, 25S 
greatest amount of work per- 
formed by, 251 
Stethoscope, construction of, 192 
Still, construction of, 243 
Structure, influence of the parts on the 

strength of a, 117 
Stone for architectural porpooes, how se- 
lected, 122 
Stool, insulating, 380 
Stove, why snaps whefl heated, 230 
Stoves, how dififer from <»enfire«plao^ 263 
disadvantages o^ 264 
why placed near the floor, 261 
Sublimation, what is, 243 
Sucker, the common, 175 
Suction, what Is, 169 
Sugar, how refined, 242 

how absorbs water, 145 
Sun does not really rise and set, 84 
heat of, why greatest at noon, 210 
the greatest natural source of heat, 209 
nature of the surface o^ 210 
Surface defined, 12 

spherical, definition of a, 133 
Syphon, what is a, 184 
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Syphon, adion oi; 184 
Syringe, prindpfe of; ITS 



Tackle and fall, what is a, 105 
Telegraph, atmospheric, 181 
Baln*B, 486 
chemical, 4S6 
House's, 436 
Morse's magnetic, 434 
printing, 436 
Telegraphic method, the first proposed, 486 

wires, insuUtioa of, ^ 

Telescope, equatorial, 8SS 

reflecting, 365 

refracting, 863 

what is a, 363 

Temperature, average, how fotmd, 26T 

greatest natural erer obserT' 

ed,210 
Id winter and summer, difliBr- 

ence between, 210 
meaning of, 200 
varies with Utitude, 267 
Tenacity, what is, 26 
Theory, physical, definition of a, 10 
Thermometer, 233 

how graduated, 234 
centigrade, 235 
mercurial, described, 234 
Keaumur, described, 286 
Thermometer-air, described, 236 
Thermo-electricity, what is, 416 
Thunder, cause of, 393 

storms, where most prevail, 394 
Tides, origin of, 32 

Toes, advantage of turning out in walk- 
ing, 50 
Tone in sound, 195 
Tongueing, what is, IIT 
Tornadoes, how produced, 287 

what are, 287 
Torpedo, electrical effects of, 891 
TorriceUrs invention, 169, 170 
Trade winds, cause of, 283 

direction of, 283 
Transparent bodies, 294 • 

Troy weight, 34 
Trumpet, ear, what is an, 200 

speaking, construction of, 199 
Tubes, capillary, height to which water 

rises in, 143 
Twilight, 314 
Twinkling, what is, 838 
Tympanum of the ear, 202 



Vacuum, what is a, 168 
Valve, definition of, 183 

safety, 258 
Variation, lines of, 426 
Vapor, always present In air, 239 

appearance of, 238 
Vapors, elasticity of, 248 

formed at all temperatures, 238 
Vault, what is a, 120 
Velocity defined, 63 



Velocity of moving body,Tww d»te»iii»d, 

63 
Vena contraeta, what is the, 160^ 
VentiUtlon, what is, 260 

when perfect, 260 
Vessels of liquid, pressure upon the bot- 
tom of, 131 
Vibrations of sound, nature of, 188, 180 
Views, dissolving, 868 
Vision, angle of, 364 

deceptions of, 857 
double, how produced, 854 
phenomena of, 84T 
Vital action, 214 
Voice, compass of, 200 

how produced, 208 
organs of, 201 
Voltaic piles, 404 
Volume defined, 12 



Walls, how deafened, 192 
Warming and ventilation, 260 
Warp and woof, 117 
Watch, how differs from a clock, 69 
Water as a motive power, 165 
boUed, why flat, 180 
boiling, temperature of, 241 
composition of, 123 
oompressibility of, 124 
decomposition of, 412 
elasticity of, 124 
expands hi freeing, 231 
force of eaq^atision of in freezing, 232 
fteoBlng temperature of, 232 
greatest capacity of all bodies for 

heat, 248 
how high rises in a pump, 182 
how made hot, 221 
illnstrations of the pressure of, 130 
imparts no additional heat after boil- 
ing* 244 
iiMiination sufficient to give motion 

to, 152 
level, 136 

power defined, 88 . ^ ^„^ 
Dressure at different depths, 131 
*^ how calculated, 132 

sound of falling, how produced, 204 
spouts, what are, 287 
supply of towns, 1 34 
to what degree can be heated, 249 
velocity of in pipes, how retarded, 151 
when has its greatest density, 231 
why rises by suction, 169 
why rises in a pump, 182 
Waters, comparative purity of, 128 
Wave, a form, not a thing, 163 
Waves, height of, 153 

optical delusions of, 163 
origin of, 153 
of sound, 190 
Weather, popular opinions concerning, ^i 
Wedge, what is a, 100 

when used in the arts, 107 
how the power of increases, 10 1 
Weight, absolute, what is, 38 

how determined by spe- 
ciflo ifravity. 42 
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Wdght, how rvrim, 8S 

of a body, when greatert, SS 
Weights Mid meunrea, ■tondArdi ot, 84 

French STstem of, described, 36 

United Statee ttaiidud of, 86 
Welding deeeribed, 9» 
Well-sweep, old fashioned, 160 
Wells, Artesian, eonstmotion of; 186 

origin of water in, 186 
Wet clothes, why ii^nrioas, 846 
Wheel and axle, aeUon, of 99 
spinning, 101 

tourbine, adTantages of, 168 
work, compound, familiar 

tions of, 101 
"Wheels, breast, constmetioii o^ 161 

cog, 101 

overshot, 167 

tonrblne, 168 

undershot, 156 

paddle, power lost by, 164 
Whirlwinds, how prodnced, MT 
Whistle, steam, 869 



Winch, what Is a, 99 

Wind, principal oauM 011881 

what&r^Sl 
Wind-pipe, what is the, 808 
Windlass described, 100 
Winds, force of, how caloolated, 888 

of United States, 886 

trade, 883 

irariaUe, where prevail, 884 

velocity oi; 881 
Wood, a bad oondnetor of heat, 818 

oomparativo valne of for fhel, 966 

bard, why difficult to iipiite, 866 

made wet, why sweila, 148 

snapping of, 19 

water in, 866 

weight of; 866 
Woods, when hard and when soft, 866 
Woolens, why nsed for dothing, 819 
Woof of cloth, UT 
Work of di£BBr«nt forces, Bfeandacd of eom- 
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MiBil-point In nadOoecy, 98 




AMERICAN EDUCATIONAL SERIES. 



f tjft-l00!i5 in \\t ^tunrts. 

Among which are some of the ablest and most popular scientific treatises extant. Professor 
Gray^s Botanies have been commended as the best works on that subject, by Profes^r Agasdz, 
Dt, Torrey, Professor SilUman, and xAxaj of the first botanista of the country, and have been re- 
cently adopted by a large number of the most important Seminaries, Normal Schools, and Col- 
leges. Gray*8 Chemistry has passed through over fifty editions. The new work has been entirely 
re-written, and embraces a complete view of the latest researches and conclusions of the science. 
Hltchcock*B Geology has a wide and permanent reputation, and. is particularly valuable as a text- 
book for its numerous interesting facts, and the great prominence given to American geology. 
Wells' Philosophy, in addition to the advantage of following other treatises, is disting^uished for its 
ingenious illustrations of the principles of philosophy, by references to the useful arts and the 
necessities of evcry-day life. The books of this department, thus far, are : 



} 



Grays Youth's Botany— " How plants 

grow." niustrsted, |0 50 

Gray's Lessons In Botany, 1 00 

Gray's Manual of Botany for Schools, - 1 50 

Gray's Manual, with Mosses. Illustrated, 2 50 

Gray's Structural Botany. (Text Book,) - 2 00 

Gray and Well's New Chemistry, - - - 1 GO 



Wells' Natural Philosophy, f 1 00 < 

Wells' Science of Common Thingfs,- - -- 73 < 

Hitchcock's Geology, ------ -126^ 

Hitchcock's School Physiology. (Jn JPress.") 
Kiddle's Astronomy, ------- - 38! 

The Young Geographer, ----.- 50 < 

Hart's Geographical Exercises,*- - . . 38 \ 



Embracing, among others. Porter's Rhetorical Reader, which has passed through more than 300 \ 
editions; Newman's Rhetoric, which has passed through more than sixty editions; Wells' < 
Grammar, more than 200 editions; the American Debater; Sanders' School Speaker; 01dham*s < 
Humorous Series, etc. Dr. McElligott's works have been strongly commended by eminent edu- 
cators, among whom are President FsELiNGnuYSEN, Chancellor FfSEts, President Andbswb,' the \ 
late Dr. McKeen, Superintendent of New York. The " Debater" is a most useful manual for < 
public speakers, and is highly approved. The " School Speaker" is a work of careful and InteUi- ' 
gent study. It is composed of pieces adapted to declamation, and to bring out the various prin- , 
ciples of Elocution, and the points of a good speaker. The Series embraces : 



Sanders' School Speaker, $1 00 

' Newman's Rhetoric,- - 75 

Porter's Rhetorical Reader, ----- 63 

) Porter's Rhetorical Reader. Enlarged, - 90 

) Wells' (W. II.) School Grammar. Revised, 38 

McElligott's Analytical Manual,- - - - 75 

McElligott's Young Analyzer, - - - - 31 



McElligott's American Debater, - - - - $1 00 ) 

Oldham's Humorous Speaker, - - - - 1 00 i 

Oldham's Amusing Reader, - - - - . 75 ( 

Scripture School Reader, - 75 ( 

Sill's Synthesis of the English Sentence, - 

Sill's Parsing Book (to accompany), - • ' 18 j 

De Sacy's General Grammar," '- - - - 



®n't-§0«!ts in %\iUiB'^\i anir €i\it%. 

Dr. Hickok's Works on Mental and Moral Science are not only profound and consistent trea- ( 
tises, but particularly adapted, by their lucid method and philosophical arrangement, to the na 
of education. They are rapidly gaining ground as text-books in Colleges and Academies, and ' 
' are warmly recommended by President Hofxenb, Pwfessor Shedd, the Bihliotheiea Sacra^ 13ie \ 
, Christian Review^ the North American Review^ the New Englander^ and other competent author- ( 
ities. Cousin, the late Sir Wx. EUxilton pronounced " the first philosopher of France." Al 
commended in the JBdCiiburg Rsview, The Series, thus far, consists of.: 
Hickok's Science of Mind,- - - - - - $1 26 f Cousin's Psydiology, ---...-$181 

Hickok's Moral Science, -126| Butler's Analogy, - 62}' 



AMERICAN EDUCATIONAL SERIES. 



-^ 



Writing anli iratoing-ionlis. 



0*DoDneir 8 Penmanship. In7parts,eac1i,| 12^ 
Bchnster* s Drawing Cards. In 2 parts, each, 75 
Bchofiter^B Drawing Book (the samebound),! 50 
Schaster*s Heads and Shades. (Cards), 1 00 



Schuster's Prac. Drawing-Book. (Cards), |1 60 ( 
Schuster's , Practical Drawing-Book. 

(Bound), - -- - - -••- . - 200J 

Coe and Schell's Pen and Ink Drawings,- 25 , 



O'Donnell's system has been very generally introduced into the public schools*«f New York. It 
\ presents a great variety of models, of elegant structure, and free from aflfectation # diflftculty, in a 
mere economical form than any other work of the kind. " Schuster's Drawing-Book" is recom- ^, 
mended by A. B.. Dueand, Esq., President of the National Academy of Desigi^ For the size and ? 
' cost there is probably no work of the kind more complete and satisfactory. 

irairliMrK's ^f|[0ffl Itusit-ifffllis. 

■^No Juvenile Music ever published has acquired so high a character, or given such general satis- ' 

fi^ction, as the compositionB of Mr. Bradbury. The " Bouquet" is designed for Higher Schools, , 

I^idies' Institutes, and the Social Circle, and is much superior to ordinary school music It has i 

\ been highly commended by the Musical Worldy Musical Review, Home Journal^ etc. The * 

i ing Bird", is one of the most successful class music-books ever published, having attained a sale of J 

over a hundred thousand copies. 



Masical Bouquet, $63 

, Singing Bird, ---.------• 38 

' Young Choir, ■- - 25 

\ Boys' and Girls' Singing-book, - - -^ - 25 



Musical Gems, $25 

Young Melodist, 25 

School Singer, - 37^^ 

Robin Redbreast By Sanders, - - - 38 



iraJiIrurg's Satrtiii llusit. 

These popular and standard collections contain the best compositions of Messrs. Hasliags and i 
Bradbury, on which their reputation mainly rests. They embody a mass of admirable choir music " 
which has never been surpassed for chaste and original melody, rich and ingenious harmony, and | 
the realization of the true spirit of religious worship. 



The Mendelssohn Collection, $ 75 

The Psalmista, 65 

The Psalmodist, 75 

\ The New York Choralist, 75 



The Sabbath-School Melodies, . . > > $ 13 ' 

The Sabbath-School Choir, - - - . . 25 ' 

The Celestina. By V. C. Taylor, - . . 1 00 J 

Choral Anthems. By V. C. Taylor, - . 1 00 ( 



The glee books of Mr. Bradbury are very popular, and abound in novel and spirited composi- * 
tions of modem European authors, not elsewhere to be obtained. 

I The Alpine Glee Singer, |1 00 | The Social Singing-book, $ 20 , 

The Metropolitan Glee Book, - - - - 1 00 | The Concordia. By V. C. Taylor,- . - 25 < 
Jones' Thorough Bass. 62^ cents. ^ 

^ €avnT^Utt Classical ^itits \ 

' In preparation, including Grammars, Readers, Exercises, and Annotated Editions of Standard *' 
I Classical Authors, in the Greek and Latin Languages, used in Academies and Colleges. By Pro- 
» fessors Thaohzb tod Hadlet, of Yale College, and Professor Johi^son, of the University of New 
I York. The firfft portions will be : 

First Latin Book, by Prof. Thaohsb, 
Greek Grammar, on the basis of Curtius* 
Grammar, with essential Modifications 
and Additions, by Prot Haduct, • 

' PRE-PAID, ON APPUCATION. < 



. Madvig* s Latin Grammar. Translated from 
the German by Rev. Geo. Wood, Ox- 
ford, and Edited by Pf of. Johnson, - 

\ Madvig* 8 School Grammar ; an abridgment 
of the above, by Prof. Jobnson, • - 

I A PESCRIRTIVE CATALOGUE OF ALL OF I 



« 



